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ABSTRACT
We provide a conceptual and empirical framework for evaluating the effects of short-term capital
flows. A simple model of the joint determination of the maturity and cost of external borrowing highlights
the role played by self-fulfilling crises. The model also specifies the circumstances under which short-term
debt accumulation is socially excessive. The empirical analysis shows that the short-term debt to reserves
ratio is a robust predictor of financial crises, and that greater short-term exposure is associated with more
severe crises when capital flows reverse. Higher levels of M2/GDP and per-capita income are associated
with shorter-term maturities of external debt. The level of international trade does not seem to have any
relationship with levels of short-term indebtedness, which suggests that trade credit plays an insignificant
role in driving short-term capital flows. Our policy analysis focuses on ways in which potential illiquidity can
be avoided
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Doprvw doo ri wkh frxqwulhv dhfwhg e| wkh qdqfldo wxuprlo ri wkh odvw ihz |hduv kdg rqh
wklqj lq frpprq= odujh udwlrv ri vkruw0whup iruhljq ghew/ zkhwkhu sxeolf ru sulydwh/ wr
lqwhuqdwlrqdo uhvhuyhv1 Lq Ph{lfr lq 4<<8/ Uxvvld lq 4<<;/ dqg Eud}lo lq 4<<</ wkh ghew zdv
wkh jryhuqphqw*v> lq Lqgrqhvld/ Nruhd/ dqg Wkdlodqg lq 4<<:/ wkh ghew zdv sulpdulo| rzhg e|
sulydwh edqnv dqg upv1 Exw lq hdfk fdvh wkh frpelqdwlrq ri odujh vkruw0whup oldelolwlhv dqg
uhodwlyho| vfdufh lqwhuqdwlrqdoo| oltxlg dvvhwv uhvxowhg lq h{wuhph yxoqhudelolw| wr d frqghqfh
fulvlv dqg d uhyhuvdo ri fdslwdo  rzv1
Zkhq wkh fdslwdo dffrxqw uhyhuvdo fdph lq Hdvw Dvld/ lw fdxvhg d froodsvh lq dvvhw sulfhv
dqg h{fkdqjh udwhv1 Wkh qdqfldo sdqlf ihg rq lwvhoi/ fdxvlqj iruhljq fuhglwruv wr fdoo lq
ordqv dqg ghsrvlwruv wr zlwkgudz ixqgv iurp edqnv/ doo ri zklfk pdjqlhg wkh looltxlglw|
ri wkh grphvwlf qdqfldo v|vwhp dqg irufhg |hw dqrwkhu urxqg ri frvwo| dvvhw oltxlgdwlrq
dqg sulfh gh dwlrq1 Lq Wkdlodqg/ Nruhd dqg Lqgrqhvld/ grphvwlf qdqfldo lqvwlwxwlrqv +dqg
lq Lqgrqhvld qrq0qdqfldo upv, fdph wr wkh eulqn ri ghidxow rq wkhlu h{whuqdo vkruw0whup
reoljdwlrqv1 Iru Nruhd dqg Wkdlodqg/ ghidxow zdv suhyhqwhg e| dq hphujhqf| uhvfkhgxolqj ri
oldelolwlhv1 Lqgrqhvld kdg wr ghfoduh dq hhfwlyh prudwrulxp rq ghew vhuylfh e| lwv frusrudwh
vhfwru lq Mdqxdu| 4<<;1 Wkh rxwsxw frvw ri wklv oltxlglw| fulvlv kdv ehhq wuhphqgrxv1
Wkhuh lv jurzlqj djuhhphqw wkdw dq h{fhvvlyh exlogxs ri vkruw0whup ghew zdv d sur{lpdwh
fdxvh ri wkh uhfhqw fulvhv/ sduwlfxoduo| lq Hdvw Dvld1 Glhuhqw dffrxqwv sodfh ydu|lqj zhljkwv
rq d krvw ri idfwruv fruuxswlrq dqg furq|lvp/ odfn ri wudqvsduhqf|/ plvjxlghg lqyhvwphqw
vxevlglhv dqg ordq jxdudqwhhv/ srru qdqfldo uhjxodwlrq/ uhdo h{fkdqjh udwh plvdoljqphqw/
odujh h{whuqdo ghflwv/ {hg h{fkdqjh udwhv wkdw zhuh pdlqwdlqhg iru wrr orqj/ hwf1 Exw
ihz dqdo|vwv grxew wkdw wkh odujh h{srvxuh wr vkruw whup ghew ohiw Hdvw Dvldq frxqwulhv
yxoqhudeoh wr vxgghq fkdqjhv lq pdunhw vhqwlphqw dqg qdqfldo sdqlf14 Lqghhg/ Ixupdq dqg
Vwljolw} +4<<;, zulwh= Wkh delolw| ri wklv yduldeoh/ e| lwvhoi/ wr suhglfw wkh fulvhv ri 4<<:/ lv
uhpdundeoh1
L qv s l w hr iw k l vt x l f n o |v s u h d g l q jf r q v h q v x v /z hk d y hu h o d w l y h o |o l w w o hw k h r u h w l f d od q g
hpslulfdo zrun olqnlqj vkruw0whup ghew/ yxoqhudelolw|/ dqg fulvhv1 Lq wklv sdshu zh dwwhpsw wr
pdnh vrph surjuhvv rq erwk iurqwv1 Rq wkh wkhru| iurqw/ zh exlog dq h{wuhpho| vw|ol}hg prgho
ri krz h{fhvvlyh vkruw whup ghew fdq ohdyh eruurzlqj frxqwulhv yxoqhudeoh wr vxgghq vkliwv lq
ohqghu h{shfwdwlrqv/ zklfk fdq lq wxuq ehfrph vhoi0ixooolqj1 Edqnv/ upv dqg jryhuqphqwv
riwhq mxvwli| wkhlu whqghqf| wr eruurz vkruw whup ehfdxvh lw lv fkhdshu1 Krzhyhu/ wkh
4Vhh Ixupdq dqg Vwljolw} 4<<;> Udghohw dqg Vdfkv 4<<;> dqg Fruvhwwl hw do 4<<;d1
4whup vwuxfwxuh ri lqwhuhvw udwhv lv ghwhuplqhg e| wkh ulvnlqhvv ri glhuhqw ghew pdwxulwlhv/
dqg wkhvh vkrxog lq wxuq uh hfw wkh srvvlelolw| ri d fulvlv dvvrfldwhg zlwk looltxlg sruwirolrv1
Frqvhtxhqwo|/ wkh uroh ri vkruw whup ghew lq jhqhudwlqj d fulvlv fdq rqo| eh dqdo|}hg lq d
prgho ri wkh vlpxowdqhrxv ghwhuplqdwlrq ri ghew pdwxulw| dqg wkh whup vwuxfwxuh ri lqwhuhvw
udwhv1 Zh exlog vxfk d prgho/ dqg qg wkdw wkh vkduh ri vkruw0whup ghew wkdw lv ghvludeoh h{
dqwh ghshqgv rq d krvw ri idfwruv/ vxfk dv wkh h{whqw wr zklfk hduo| lqyhvwphqw oltxlgdwlrq
lv frvwo|/ wkh suredelolw| wkdw d uxq rq vkruw0whup ghew zloo wdnh sodfh li rqh lv srvvleoh
+vrphwklqj wkdw ghshqgv dprqj rwkhu wklqjv rq wkh eruurzlqj frxqwu|*v suhylrxv fuhglw
uhfrug,/ dqg wkh olnholkrrg dqg frvwolqhvv ri dwwhpswhg ghew ghidxowv1 Dw wkh vdph wlph/
wkhuh lv d krvw ri sodxvleoh glvwruwlrqv wkdw frxog ohdg orfdo eruurzhuv wr suhihu vkruw whup
ordqv eh|rqg wkh ohyho wkdw lv vrfldoo| ghvludeoh1
Zh dovr xqghuwdnh dq hpslulfdo dqdo|vlv ri wkh frqvhtxhqfhv dqg fdxvhv ri vkruw whup
iruhljq ghew1 Xvlqj gdwd iurp wkh Lqvwlwxwh ri Lqwhuqdwlrqdo Ilqdqfh/ fryhulqj 65 hphujlqj0
pdunhw hfrqrplhv ryhu wkh shulrg 4<;;04<<;/ rxu dqdo|vlv vkrzv wkdw wkh udwlr ri vkruw0
whup ghew wr uhvhuyhv lv d urexvw suhglfwru ri qdqfldo fulvhv1 Frxqwulhv zlwk vkruw0whup
oldelolwlhv wr iruhljq edqnv wkdw h{fhhg uhvhuyhv duh wkuhh wlphv pruh olnho| wr h{shulhqfh d
vxgghq dqg pdvvlyh uhyhuvdo lq fdslwdo  rzv1 Ixuwkhupruh/ juhdwhu vkruw0whup h{srvxuh lv
dvvrfldwhg zlwk pruh vhyhuh fulvhv zkhq fdslwdo  rzv uhyhuvh1 Zh dovr qg wkdw vkruwhu0
whup pdwxulwlhv ri h{whuqdo ghew duh dvvrfldwhg zlwk kljkhu ohyhov ri P52JGS dqg shu0
fdslwd lqfrph1 Lqwhuhvwlqjo|/ wkh yroxph ri lqwhuqdwlrqdo wudgh grhv qrw vhhp wr kdyh dq|
uhodwlrqvkls wr wkh ohyho ri vkruw0whup lqghewhgqhvv/ zklfk vxjjhvwv wkdw wudgh fuhglw kdv
sod|hg dq lqvljqlfdqw uroh lq gulylqj vkruw0whup fdslwdo  rzv gxulqj wkh 4<<3v1
Erwk wkhru| dqg hpslulfv/ wkhq/ vxjjhvw wkdw rqh kdv wr nhhs dq dohuw h|h rq ghew
frpsrvlwlrq dqg rq wkh udwlr ri vkruw whup oldelolwlhv wr dydlodeoh oltxlg dvvhwv1 Zh dvn lq
vhfwlrq 8 ehorz zkhwkhu wkhuh lv d vwurqj fdvh iru glvfrxudjlqj vkruw0whup lq rzv gxulqj wkh
xsvzlqj lq wkh f|foh1 Vxevwdqwldo hylghqfh vxjjhvwv wkdw frqwurov +ri yhu| glhuhqw nlqgv,
dssolhg e| frxqwulhv vxfk dv Fkloh/ Frorpeld dqg Pdod|vld dowhuhg wkh pdwxulw| frpsrvlwlrq
ri ordqv iurp deurdg zlwkrxw dw ohdvw lq wkh Vrxwk Dphulfdq fdvhv uhgxflqj wkh ryhudoo
yroxph ri  rzv1 Ohqjwkhqlqj ri dyhudjh pdwxulwlhv/ dv erwk rxu wkhruhwlfdo dqg hpslulfdo
uhvxowv vkrz/ fdq uhgxfh yxoqhudelolw| wr fulvhv1 \hw uhvwudlqlqj vkruw0whup eruurzlqj lqyroyhv
qr iuhh oxqfk/ vlqfh lq vrph flufxpvwdqfhv erwk jryhuqphqwv dqg sulydwh eruurzhuv pd| kdyh
shuihfwo| vrxqg uhdvrqv iru zdqwlqj wr wdnh rq vrph vkruw0whup oldelolwlhv1
Rxu dqdo|vlv kdv lpsolfdwlrqv qrw mxvw iru fulvlv suhyhqwlrq/ exw dovr iru fulvlv pdqdjhphqw1
Wudglwlrqdo/ fxuuhqw dffrxqw0gulyhq fxuuhqf| fulvhv w|slfdoo| uhtxluhg d uhdo ghsuhfldwlrq dqg
5d frqwudfwlrq ri ghpdqg> looltxlglw|0gulyhq fulvhv pd| fdoo iru glhuhqw dqvzhuv1 Wkh hpskdvlv
vkrxog eh rq suhyhqwlqj wkh frruglqdwlrq idloxuh wkdw fdxvhv ohqghuv wr khdg iru wkh h{lwv1
Qhjrwldwhg ghew urooryhuv dqg whpsrudu| vxvshqvlrqv ri sd|phqwv fdq pdnh doo sduwlhv ehwwhu
r1 Lq wkh sduodqfh ri uhfhqw srolf| ghedwhv/ edlolqj lq iruhljq ohqghuv lv suhihudeoh iurp
dq h!flhqf| vwdqgsrlqw wr edlolqj rxw1 Pxowlodwhudo ohqghuv kdyh d uroh wr sod| lq khoslqj
duudqjh vxfk frruglqdwhg rxwfrphv/ zkloh dw wkh vdph wlph prqlwrulqj eruurzhuv wr suhyhqw
prudo kd}dug1 Zh surylgh pruh vshflfv lq wkh odvw vhfwlrq ri wkh sdshu1
5 Dq ryhuylhz ri vkruw0whup fdslwdo  rzv lq wkh 4<<3v
Wkh 4<<3v zhuh d errp shulrg iru lqwhuqdwlrqdo ohqglqj1 Wkh rxwvwdqglqj vwrfn ri ghew ri
hphujlqj0pdunhw hfrqrplhv urxjko| grxeohg ehwzhhq 4<;; dqg 4<<:/ iurp '4 wuloolrq wr '5
wuloolrq15 Zkloh phglxp0 dqg orqj0whup ghew juhz udslgo| dv zhoo/ lw zdv vkruw0whup ghew
wkdw urvh sduwlfxoduo| udslgo| gxulqj wklv shulrg1
Dv Iljxuh 4 vkrzv/ wkh ghew exlog0xs zdv frqfhqwudwhg lq Odwlq Dphulfd dqg Dvld1 Odwlq
Dphulfd h{shulhqfhg udslg jurzwk lq h{whuqdo lqghewhgqhvv xqwlo 4<<7/ dw zklfk srlqw wkh
whtxlod fulvlv vorzhg grzq fdslwdo  rzv vljqlfdqwo|1 Rqh frqvhtxhqfh ri wkh whtxlod fulvlv
zdv wkdw Hdvw Dvld dqg Odwlq Dphulfd ehjdq wr glyhujh lq wkhlu ghew surohv1 Lq Odwlq
Dphulfd/ wkh vkruw0whup ghew vwrfn vwrsshg jurzlqj dqg vwdelol}hg dw lwv 4<<7 ohyho1 Exw lq
Hdvw Dvld/ vkruw0whup ghew frqwlqxhg wr jurz/ li dq|wklqj/ dw d idvwhu udwh1 Wkh wzr uhjlrqv
orrn txlwh glhuhqw lq whupv ri wkh uroh sod|hg e| vkruw0whup ohqglqj e| frpphufldo edqnv1
Dv wkh erwwrp sdqho ri Iljxuh 4 uhyhdov/ vkruw0whup iruhljq oldelolwlhv wr frpphufldo edqnv
h{sorghg lq Hdvw Dvld gxulqj wkh 4<<3v/ zkloh wkh| sod|hg d pxfk vpdoohu uroh lq Odwlq
Dphulfd wkurxjkrxw wkh ghfdgh1 Rqh uhdvrq lv wkdw frpphufldo edqnv kdg ehhq exuqhg lq
Odwlq Dphulfd wkh suhylrxv ghfdgh1
Wdeoh 4 surylghv lqirupdwlrq rq wkh pdwxulw| frpsrvlwlrq ri ghew e| uhjlrq1 Wkh glhu0
hqfh ehwzhhq Odwlq Dphulfd dqg Dvld lv vwulnlqj1 E| wkh ehjlqqlqj ri 4<<:/ Dvld zdv wkh
uhjlrq zlwk wkh kljkhvw udwlr ri vkruw0whup ghew lq wrwdo1 Wkh sursruwlrq ri vkruw0whup ghew
rzhg wr edqnv lq Dvld zdv vljqlfdqwo| kljkhu wkdq dq| rwkhu uhjlrq/ dqg grxeoh wkh ohyho
lq Odwlq Dphulfd +5< shufhqw ri wrwdo ghew yhuvxv 48 shufhqw lq Odwlq Dphulfd,1
Uhjlrqdo dyhudjhv klgh d orw ri ghwdlo/ dqg fohduo| qrw doo ri wkh Dvldq frxqwulhv elqjhg
rq vkruw0whup fdslwdo lq rzv1 Iljxuh 5 vkrzv wkh sdwwhuq iru wkh yh Dvldq frxqwulhv zruvw
5Wkh jurxs fryhuv 43 frxqwulhv lq Odwlq Dphulfd/ ; lq Dvld/ ; lq Hxursh/ dqg 44 lq wkh Plggoh Hdvw dqg
Qruwk Diulfd1 Xqohvv rwkhuzlvh qrwhg/ doo ghew vwdwlvwlfv lq wklv sdshu frph iurp LLI/ 4<<;1
6dhfwhg e| wkh 4<<: fulvlv +Lqgrqhvld/ Pdod|vld/ Sklolsslqhv/ Vrxwk Nruhd/ dqg Wkdlodqg,1
Vkruw0whup ghew lv vkrzq lq uhodwlrq wr uhvhuyhv/ d nh| phdvxuh ri srwhqwldo looltxlglw| dv
zh glvfxvv dw juhdwhu ohqjwk odwhu rq1 Dprqj wkh yh frxqwulhv/ rqo| Pdod|vld kdg d udwlr
ri vkruw0whup ghew wr uhvhuyhv ri ohvv wkdq rqh1 Vrxwk Nruhd dqg Lqgrqhvld lq sduwlfxodu
kdg exlow xs odujh dprxqwv ri vkruw0whup ghew lq uhodwlrq wr wkhlu uhvhuyhv +zlwk wkh udwlr
lq Nruhd h{fhhglqj 6 e| wkh hqg ri 4<<:,/ ohdylqj wkhpvhoyhv yxoqhudeoh wr vhoi0ixooolqj
frqghqfh fulvhv1
6 D vlpsoh prgho ri vkruw0whup ghew
Wkhvh gdwd vhhp wr vxjjhvw wkdw Dvldq eruurzhuv uhfhqwo| wrrn rq wrr pxfk vkruw0whup
ghew deurdg1 Exw zkdw lv wrr pxfk ru wrr olwwohB Krz vkrxog eruurzhuv ghwhuplqh wkh
pdwxulw| suroh ri wkhlu iruhljq ghewB Khuh lv d prgho wkdw fdq khos dqvzhu vxfk txhvwlrqv16
Lpdjlqh d vpdoo rshq hfrqrp| srsxodwhg e| d uhsuhvhqwdwlyh lqyhvwru0frqvxphu zkr olyhv
iru wkuhh shulrgv= 3 +wkh sodqqlqj shulrg,/ 4 dqg 51 Vkh kdv dffhvv wr wkh iroorzlqj {hg0vl}h
lqyhvwphqw surmhfw= lqyhvwlqj & xqlwv ri wkh vlqjoh wudghdeoh jrrg lq shulrg 3 |lhogv -& xqlwv
r iw k hj r r gl qs h u l r g5 /z k h u h-: 1 Exw wkh surmhfw lv looltxlg/ lq wkh vhqvh wkdw li dq
dprxqw ri vl}h   & lv oltxlgdwhg lq shulrg 4/ lw rqo| |lhogv 4 xqlwv/ zkhuh 4	 1
Wr qdqfh wkh surmhfw wkh orfdo lqyhvwru fdq eruurz deurdg/ zkhuh wkh ulvnohvv zruog
lqwhuhvw udwh lv }hur1 Iruhljq ohqghuv duh ulvn qhxwudo/ dqg zloolqj wr ohqg lq wzr pdwxulwlhv=
vkruw whup +VW, ordqv zklfk odvw rqh shulrg/ dqg orqj0whup +OW, ordqv/ zklfk odvw wzr
shulrgv1 Dvvxph dovr wkdw doo iruhljq ohqglqj pxvw eh froodwhudol}hg e| fdslwdo kroglqjv= wkh
lqyhvwru fdqqrw eruurz pruh wkdq & lq shulrg 3/ dqg khu wrwdo sulqflsdo ghew fdqqrw h{fhhg
wkh vl}h ri wkh uhvlgxdo lqyhvwphqw +wkh sruwlrq qrw oltxlgdwhg, lq dq| vxevhtxhqw shulrg1
Vxssrvh wkdw lq shulrg 3 wkh lqyhvwru wdnhv rq dq dprxqw _  & ri VW ghew/ dqg dq
dprxqw & _ ri OW ghew1 Zkhqhyhu _:f / ohqghuv pd| fkrrvh qrw wr uroo ryhu wklv VW ghew
lq shulrg 41 Li wkdw kdsshqv/ zh vd| wkdw d uxq rq VW ghew kdv wdnhq sodfh1
Frqvxpswlrq wdnhv sodfh lq shulrg 5 rqo|1 Dw wkdw srlqw wkh lqyhvwru froohfwv wkh surfhhgv
ri wkh lqyhvwphqw/ sd|v zkdwhyhu sruwlrq ri wkh lqlwldo ordq zdv qrw uhsdlg lq shulrg 4/ dqg
wkhq frqvxphv1 Wr nhhs pdwwhuv pdqdjhdeoh/ dvvxph wkdw xwlolw| lv olqhdu lq frqvxpswlrq1
Zh kdyh ghvfulehg wkh prgho dv ehlqj dssolfdeoh wr sulydwh ghew rqo|1 Exw wkhuh duh
6Fkdqj dqg Yhodvfr +4<<;/ 4<<<d dqg e, kdyh dovr glvfxvvhg wkh uroh ri ghew pdwxulw| lq jhqhudwlqj vhoi0
ixo￿oolqj fulvhv1 Revwihog +4<<7,/ Fdoyr +4<<8,/ dqg Froh dqg Nhkrh +4<<9, irfxv rq vkruw0whup jryhuqphqw
ghew/ exw zlwkrxw hqgrjhql}lqj wkh fkrlfh ri pdwxulw|1
7sodxvleoh lqwhusuhwdwlrqv wkdw pdnh wklv d prgho ri sxeolf ghew dv zhoo1 Lpdjlqh/ iru lqvwdqfh/
wkdw sulydwh orfdo lqyhvwruv kdyh olplwhg dffhvv wr lqwhuqdwlrqdo fdslwdo pdunhwv/ dqg wkdw
wkh jryhuqphqw rswlpdoo| eruurzv deurdg rq wkhlu ehkdoi dqg wkhq uhohqgv wkh ixqgv
grphvwlfdoo|1 Lq wkdw fdvh/ d uxq rq VW zrxog surpsw wkh jryhuqphqw wr ghpdqg hduo|
uhsd|phqw iurp grphvwlf eruurzhuv +ru/ htxlydohqwo|/ wr udlvh wd{hv,/ djdlq fdxvlqj frvwo|
oltxlgdwlrq ri wkh orfdo lqyhvwphqw surmhfwv1
614 Wkh srwhqwldo iru vhoi0ixooolqj ghew uxqv
Wklv yhu| vlpsoh vhwxs kdv doo wkh lqjuhglhqwv qhfhvvdu| iru pxowlsoh htxloleuld= oltxlg old0
elolwlhv/ looltxlg dvvhwv/ dqg khqfh wkh srwhqwldo iru d oltxlglw| fuxqfk fdxvhg e| vhoi0ixooolqj
h{shfwdwlrqv1 Wr vhh wkdw prvw vlpso|/ wdnh wkh dprxqw _ ri vkruw whup ghew dv h{rjh0
qrxv +zh zloo hqgrjhql}h lw ehorz,1 Vxssrvh dovr wkdw wkh lqyhvwru lv fkdujhg wkh zruog uhdo
lqwhuhvw udwh ri }hur rq erwk OW dqg VW ordqv17
Zkdw duh srvvleoh rxwfrphvB Fohduo| wkhuh lv dq rswlplvwlf htxloleulxp lq zklfk ohqghuv
uroo ryhu wkh ordqv _ lq shulrg 4/ vr wkdw qrqh ri wkh lqyhvwphqw qhhgv wr eh oltxlgdwhg lq
wkdw shulrg1 Wkh lqyhvwru kdv lqfrph ri -& lq shulrg 5/ dqg ghewv ri _ nE &_ '& 1V k h
uhsd|v lq ixoo/ dqg frqvxphv E-  &1
Exw xqohvv _ lv yhu| vpdoo/ wkdw lv qrw wkh rqo| srvvleoh rxwfrph1 Vxssrvh wkdw lq shulrg 4
ohqghuv fdoo lq wkhlu ordqv/ dqwlflsdwlqj wkdw li wkh| uroohg wkhp ryhu wkh| zrxog qrw eh uhsdlg
lq shulrg 51 Zkhq dqg krz grhv wklv shvvlplvwlf h{shfwdwlrq wxuq rxw wr eh vhoi0ixooolqjB
Zlwk qr uroo0ryhu/ wkh lqyhvwru kdv wr oltxlgdwh  ' _
4 lq rughu wr vhuylfh VW ghewv lq shulrg





/ dqg ghewv ri E&  _1





4&,/ wkhq wkh lqyhvwru zloo
qrw kdyh vx!flhqw uhvrxufhv wr uhsd| kroghuv ri OW ghew/ dqg wkh kroghuv ri VW ghew zloo
eh kdss| wkh| udq dqg jrw rxw lq shulrg 41 Wkh grphvwlf up zloo eh edqnuxswhg/ ohdylqj
xqsdlg ghewv dqg qr surwv ehklqg1
Wklv vhfrqg rxwfrph lv fohduo| zhoiduh lqihulru iru doo lqyroyhg1 OW ohqghuv duh qrw ixoo|
uhsdlg1 Dqg wkh lqyhvwru frqvxphv qrwklqj/ lq frqwudvw zlwk wkh srvlwlyh frqvxpswlrq ohyho
vkh kdg lq wkh rswlplvwlf htxloleulxp1 Khqfh uxqv rq VW ghew kdyh uhdo hhfwv/ dqg wkrvh lq
wxuq fdq kdyh lpsruwdqw zhoiduh frqvhtxhqfhv1
Ri frxuvh/ wkh sk|vlfdo oltxlgdwlrq frvw lq wkh prgho lv vlpso| d phwdskru iru wkh pdq|
frvwv wkdw duh dvvrfldwhg zlwk looltxlglw| dqg wkh dvvrfldwhg pdfurhfrqrplf glvduud|= surmhfwv
7Wklv lv udwlrqdo rq wkh sduw ri ohqghuv li wkh srvvlelolw| ri uxqv lv }hur ru yhu| forvh wr }hur1 Vhh ehorz1
8fdq eh ohiw xqqlvkhg dqg ghsuhfldwh yhu| txlfno|/ wkh vfduflw| ri zrunlqj fdslwdo pd| hi0
ihfwlyho| sdudo|}h rqjrlqj yhqwxuhv/ dqg vkdus vzlqjv lq ghpdqg dqg uhodwlyh sulfhv fdq
edqnuxsw rwkhuzlvh yldeoh hqwhusulvhv ryhuqljkw1 Doo ri wkhvh kdyh ehhq suhvhqw lq wkh uhfhqw
oltxlglw| fulvhv lq d qxpehu ri hphujlqj pdunhwv1
615 Wkh whup vwuxfwxuh ri lqwhuhvw udwhv
Krz lv _ ghwhuplqhgB Rxu lqlwldo frqmhfwxuh zdv wkdw wkh uhodwlyh frvw ri VW dqg OW ordqv
vkrxog pdwwhu iru wklv fkrlfh1 Exw/ lq wxuq/ frqwudfwxdo lqwhuhvw udwhv fdq rqo| ghyldwh
iurp wkh }hur zruog udwh li ordqv wr wklv frxqwu| duh ulvn|/ lq wkdw uxqv dqg fulvhv kdsshq
zlwk srvlwlyh suredelolw|18 Wr nhhs pdwwhuv vlpsoh/ dvvxph wkdw zlwk suredelolw| R iruhljq
ohqghuv sdqlf dqg uhixvh wr uroo ryhu rxwvwdqglqj ordqv lq shulrg 4> rqh fdq wklqn ri wklv dv
d jhqhudol}hg sdqlf zklfk ehfrphv vhoi0ixooolqj1 Zlwk suredelolw| R/ rq wkh rwkhu kdqg/
ohqghuv uhpdlq fdop dqg gr djuhh wr d uroo ryhu +qrw qhfhvvdulo| dw wkh vdph lqwhuhvw udwh
dv ehiruh,1 Dvvxph/ qdoo|/ wkdw wkh looltxlg whfkqrorj| lv vx!flhqwo| surgxfwlyh/ lq wkdw
-E  R : 1
Wkh edvlf txhvwlrq zh duh lqwhuhvwhg lq lv= krz duh wkh wzr lqwhuhvw udwhv/ wkh pdwxulw|
suroh ri wkh ghew/ dqg wkh yxoqhudelolw| ri wklv hfrqrp| wr uxqv dqg vxgghq fdslwdo rxw rzv
mrlqwo| ghwhuplqhgB Wkh lqwhuhvw udwhv o7 dqg ou ghshqg rq wkh vl}h ri _1W k h u h d u h w z r
fdvhv wr frqvlghu1
Vxssrvh uvw _  4& dqg frqmhfwxuh wkdw o7 'f 1 Li wkhuh lv d uxq lq shulrg 4/ wkhq wrwdo
fodlpv rq wkh lqyhvwru duh _/ dqg pd{lpxp srwhqwldo oltxlg dvvhwv duh 4&/v rw k d ww k h u hl v
dozd|v hqrxjk wr vhuylfh VW ghew lq wkh hyhqw ri d uxq1 Khqfh/ VW ghew fduulhv wkh zruog






4&,/ wkhq wkh lqyhvwru fdq ixoo| uhsd| khu OW reoljdwlrqv lq shulrg 5 hyhq lq wkh





4& 	 _  4&,/ wkhq
wkh OW lqwhuhvw udwh lv jlyhq e| wkh uhtxluhphqw wkdw wkh h{shfwhg uhwxuq rq wklv ordq htxdo
wkh zruog udwh=
E  REno unR^u E n ou' c +4,
zkhuh ^ l vw k hs u r e d e l o l w |r ie h l q ju h s d l gl qw k hh y h q wr idu x q /z k l f kz hd v v x p hl vh t x d ow r
8Qrwh wkdw khuh ordqv fdq eh ulvn| hyhq li wkh sulqflsdo ri wkh lqlwldo ordq lv ixoo| froodwhudol}hg1 Wkhuh
duh wzr uhdvrqv iru wkdw1 Iluvw/ oltxlgdwlqj grphvwlf fdslwdo lv frvwo|/ vr wkdw uhvrxufhv dydlodeoh lq shulrg 4
duh ohvv wkdq wkh n lqlwldoo| eruurzhg1 Vhfrqg/ wkh orfdo lqyhvwru pxvw sd| lqwhuhvw dqg qrw mxvw sulqflsdo1























8 :  +6,
Frqvlghu qrz wkh fdvh ri _:4 & 1 Fohduo| qrw doo VW ghew fdq eh uhsdlg lq wkh hyhqw ri
d uxq1 Khqfh o7 : f/ dqg wklv lqwhuhvw udwh lv ghwhuplqhg e|
E  REno 7nR^7 E n o7' c +7,
















Lq dgglwlrq/ vlqfh lq d uxq doo oltxlg uhvrxufhv duh vshqw vhuylflqj VW fodlpdqwv lq shulrg 4/
wkrvh zkr krog ghewv wkdw pdwxuh lq shulrg 5 jhw qrwklqj1 Khqfh/ no u'E R 
3 ￿1
Vr zh kdyh dq hqgrjhqrxv whup vwuxfwxuh/ zklfk ghshqgv rq wkh pdwxulw| ri wkh ghew





4&/ VW ghew lv lqghhg fkhdshu +lq d
frqwudfwxdo vhqvh, wkdq OW ghew= ou :o r1
Qrwlfh wkdw wkh txdqwlw| ri VW ghew fkrvhq dhfwv qrw rqo| wkh VW lqwhuhvw udwh/ exw wkh
OW rqh dv zhoo1 Wklv lv/ ri frxuvh/ ehfdxvh kljk yroxphv ri vkruw pdwxulw| reoljdwlrqv uhgxfh
wkh suredelolw| wkdw kroghuv ri orqj whup fodlpv zloo eh uhsdlg1 Lq d pruh jhqhudo prgho
lq zklfk eruurzhuv lq vkruw dqg orqj pdwxulwlhv zhuh glhuhqw vhwv ri djhqwv hqjdjhg lq
glhuhqw nlqgv ri hfrqrplf dfwlylw|/ wklv zrxog phdq wkdw wkh dfwlrqv ri VW eruurzhuv kdyh
dq h{whuqdo hhfw rq OW eruurzhuv1 Wklv h{whuqdolw| frxog rshudwh/ iru lqvwdqfh/ wkurxjk
wkh dydlodelolw| ri uhvhuyhv dw wkh Fhqwudo Edqn= dq lqfuhdvh lq VW iruhljq lqghewhgqhvv
p l j k wu h g x f hw k hv w r f nr iu h v h u y h vw k d wd j h q w vd q w l f l s d w hz l o oe hd y d l o d e o hw rv h u y l f hO W
fodlpv/ wkhuhe| pdnlqj wkhvh orqjhu pdwxulw| reoljdwlrqv ulvnlhu1
:616 Fkrrvlqj ghew pdwxulw|
Grhv wkh h{lvwhqfh ri d |lhog fxuyh/ zlwk orqjhu ghew pruh h{shqvlyh/ phdq wkdw vkruw ghew
zloo dozd|v eh fkrvhqB Qrw qhfhvvdulo|1 Wkdw ghshqgv rq wkh h{whqw wr zklfk ohqghuv fdq
glvwlqjxlvk dprqj lqyhvwruv lq wkh vdph frxqwu|/ dqg wkh h{whqw wr zklfk wkh uhsuhvhqwdwlyh
orfdo lqyhvwru lqwhuqdol}hv wkh ghshqghqfh ri wkh whup vwuxfwxuh rq khu rzq fkrvhq ghew
pdwxulw|1
Frqvlghu uvw wkh fdvh lq zklfk wkh lqyhvwru wdnhv lqwr dffrxqw wklv hqgrjhqhlw|/ lqfoxglqj
htxdwlrqv 6 dqg 91 Wkhq lw lv hdv| wr vkrz wkdw li _  4&/ h{shfwhg lqyhvwru frqvxpswlrq lv





/ zkloh li _:4 & / wkh htxlydohqw h{suhvvlrq lv E-  & 
RE-  4&1 H{shfwhg frqvxpswlrq idoov zlwk _ iru _  4&/ dqg lv lqghshqghqw ri _ iru
_:4 & 1 Lw lv fohduo| pd{lpl}hg dw _ 'f 1
Wkhuhiruh/ dq lqyhvwru zkr uhdol}hv wkdw wkh frqwudfwxdo lqwhuhvw udwhv vkh sd|v ghshqg
rq wkh ohyho ri VW fkrvhq zloo fkrrvh wr wdnh rxw qr VW ghew/ hyhq wkrxjk o7  ou1W k h
lqwxlwlrq lv vlpsoh1 Ohqghuv kdyh udwlrqdo h{shfwdwlrqv/ dqg khqfh fkdujh d suhplxp wr
frpshqvdwh iru srvvleoh orvvhv> VW ghew lv wkhuhiruh fkhds lq wkh frqwudfwxdo vhqvh/ exw qrw
lq wkh h{shfwhg ydoxh vhqvh1 Dw wkh vdph wlph/ VW ghew lv srwhqwldoo| gdqjhurxv/ iru lw
uhtxluhv frvwo| oltxlgdwlrq lq wkh hyhqw ri d uxq/ dqg uxqv kdsshq zlwk srvlwlyh suredelolw|1
Wkdw lv wkh rswlpdo pdunhw rxwfrph1 Exw fohduo| wkhuh duh zd|v lq zklfk pdunhw idloxuh
frxog rffxu lq wklv frqwh{w1 Lw lv hdv| wr lpdjlqh pdq| uhdvrqv zk| ghew fkrlfhv e| lqglylgxdo
eruurzhuv pljkw eh glvwruwhg/ vr wkdw sulydwh dqg vrfldo lqfhqwlyhv gr qrw frlqflgh=9
 Lqglylgxdo eruurzhuv idlo wr wdnh lqwr dffrxqw wkh idoo lq frxqwu| ulvn udwlqjv wkdw pd|
uhvxow iurp wkhlu rzq kljkhu eruurzlqj1
 Ehfdxvh ri lqirupdwlrqdo olplwdwlrqv/ iruhljq ohqghuv fdqqrw glvwlqjxlvk dfurvv eruurz0
huv iurp wkh vdph frxqwu|/ dqg wuhdw wkhp doo dv htxdoo| ulvn|1 Lqghhg/ wkh srolf| ri
vryhuhljq fhlolqjv iroorzhg e| udwlqj djhqflhv/ lq zklfk qr vlqjoh frpsdq| fdq kdyh d
udwlqj kljkhu wkdq wkh jryhuqphqw ri lwv frxqwu|/ vxjjhvwv wkdw wklv pd| zhoo eh vr1
 Wkh orfdo wd{ dqg uhjxodwru| vwuxfwxuh pd| lqdgyhuwhqwo| vwlpxodwh VW eruurzlqj1
 Wkh h{shfwdwlrq ri d edlorxw/ zkhwkhu udwlrqdo ru qrw/ fdq hqfrxudjh uhfnohvv ehkdylru1
 Uhfnohvv eruurzlqj pd| lqghhg pdnh d edlorxw pruh olnho|/ wkhuhe| kdylqj h{whuqdo
hhfwv1
9Iru d olvw dqg glvfxvvlrq/ vhh Ixupdq dqg Vwljolw} 4<<;1 Vrph ri wkh srlqwv wkdw iroorz duh wkhluv1
;Wr looxvwudwh/ frqvlghu d vlpsoh fdvh lq zklfk wkh vkruw pdwxulw| ri iruhljq ghew lv gxh wr
wkh idfw wkdw eruurzhuv idlo wr lqwhuqdol}h wkh vrfldo hhfwv ri uhgxflqj wkhlu oltxlglw|1 Vxssrvh
wkdw wkhuh duh qrw rqh exw pdq| orfdo lqyhvwruv/ hdfk ri zklfk vroyhv wkh vdph sureohp dv
lq wkh suhylrxv vxevhfwlrq exw zlwk rqh fuxfldo glhuhqfh= hdfk lqyhvwru wdnhv erwk lqwhuhvw
udwhv dv jlyhq/ dqg h{shfwv o7 	o u 1 Wkhq/ h{shfwhg frqvxpswlrq ri wkh uhsuhvhqwdwlyh
lqyhvwru lv E  Rd-&  E n ouE&_E n o7_o/: vr wkdw wklv h{shfwdwlrq lv lqfuhdvlqj
lq _ li o7 	o u 1 Khu rswlpdo ghflvlrq/ wkhq/ lv wr vhw _ ' &1L q w k d w f d v h + u h f d o o 9 , / l q





/z k l o hno u 'E R 
3 ￿1 Khqfh/ wkh h{shfwdwlrq o7 	o uwxuqv
rxw wr eh udwlrqdo/ dqg wkh lqyhvwru lv sohdvhg wr kdyh fkrvhq rqo| VW ghew1; Ri frxuvh/ wklv
rxwfrph lv lqglylgxdoo|/ exw qrw vrfldoo|/ rswlpdo1
617 Vkruw0whup ghew dv d suhfrpplwphqw ghylfh
Dq lpsruwdqw srvvleoh remhfwlrq lv wkdw VW ghew sod|v qr xvhixo uroh lq wkh dqdo|vlv wkxv idu1
Exw lq uhdolw|/ wkhuh duh vrph uhdvrqv zk| wkh srvvlelolw| ri eruurzlqj vkruw fdq eh vrfldoo|
ehqhfldo= VW ordqv pd| khos vkduh ulvn ehwzhhq eruurzhuv dqg ohqghuv/ ru jlyh ohqghuv pruh
frqwuro ryhu eruurzhuv* dfwlrqv dqg khqfh khos uhgxfh wkh ulvn ri ghidxow1 Wkh srlqw lv qrw
mxvw dfdghplf/ iru li vrph nlqgv ri VW ghew duh vrfldoo| ehqhfldo/ srolflhv wkdw glvfrxudjh
vxfk eruurzlqj pd| kdyh frvwv dv zhoo dv ehqhwv1
Frqvlghu/ iru looxvwudwlrq/ d fdvh lq zklfk ghidxow lv srvvleoh/ dqg VW ghew dfwv dv d
nlqg ri suhfrpplwphqw ghylfh wkdw dpholrudwhv wkh ghidxow sureohp1< Dvvxph wkdw wkhuh
duh wzr nlqgv ri jryhuqphqwv= ruwkrgr{ jryhuqphqwv wkdw dozd|v uhsd| iruhljq ghew dqg
shuplw sulydwh ghewruv wr gr wkh vdph/ uhjdugohvv ri flufxpvwdqfh> dqg srsxolvw jryhuqphqwv
wkdw pd| fkrrvh wr uhsxgldwh wkhlu ghewv ru lpsrvh h{fkdqjh frqwurov wkdw suhyhqw sulydwh
ghewruv iurp uhsd|lqj wkhlu iruhljq ordqv1 D srsxolvw jryhuqphqw ehkdyhv rssruwxqlvwlfdoo|/
uhsd|lqj ghewv rqo| li lw lv lq lwv vkruw0whup lqwhuhvw +ru wkdw ri wkh orfdo eruurzhu, wr gr lw1
Wr pdnh wkh vwru| lqwhuhvwlqj/ lq wkh vhqvh wkdw srsxolvwv gr qrw dozd|v fdxvh d ghidxow/
:Qrwlfh wkdw wklv h{shfwdwlrq lqfoxghv rqo| wkh frqvxpswlrq ohyho li wkhuh lv qr uxq/ iru lq wkh hyhqw ri d
uxq frqvxpswlrq lv }hur= doo uhvrxufhv jr wr sd|lqj iruhljq fuhglwruv1
;Wkhuh lv d vhfrqg srvvleoh/ wkrxjk yhu| lpsodxvleoh/ htxloleulxp1 Vxssrvh wkdw wkh lqyhvwru h{shfwv
uV @ uO/ vr wkdw khu h{shfwhg frqvxpswlrq lv lqghshqghqw ri g1 Vxssrvh dovr +lpsodxvleo|, wkdw/ vlqfh g lv
qrw ghwhuplqhg/ vkh vhwv g @3 1 Wkhq/ wkh h{shfwdwlrq uV @ uO wxuqv wr kdyh ehhq fruuhfw/ dqg zh kdyh dq
htxloleulxp zlwk qr VW ghew1 Wkh sureohp/ ri frxuvh/ lv wkdw wkh lqyhvwru lv yhu| xqolnho| wr vhw g @3 1L iv k h
udqgrpl}hg/ iru lqvwdqfh/ dfurvv doo srvvleoh g 5 ^3>n‘/ wkh suredelolw| dvvrfldwhg zlwk klwwlqj }hur h{dfwo|
zrxog dovr eh }hur1
<Mhdqqh +4<<;, kdv exlow d prgho zlwk d vlplodu phfkdqlvp1
<dvvxph wkdw ghidxow lv frvwo|1 Li lq shulrg 2wkh jryhuqphqw ghidxowv rq lwv rxwvwdqglqj ordqv/
d sruwlrq k	- 3 ￿ri wkh lqfrph surgxfhg e| wkh surmhfw lv orvw1 Ghidxow frvwv pd| lqfoxgh
vdqfwlrqv/ olwljdwlrq dqg rwkhu wudqvdfwlrqv frvwv/ hwf1 Khqfh/ lq wkh hyhqw ri d ghidxow wkh
lqyhvwru hqgv xs zlwk -E&  Ekxqlwv ri frqvxpswlrq1
Wlplqj lv dv iroorzv1 Ehwzhhq shulrgv 3 dqg 4 dq ruwkrgr{ jryhuqphqw lv dozd|v lq r!fh1
Odwh lq shulrg 4 wkhuh lv dq hohfwlrq1 Zlwk suredelolw| Z d srsxolvw zlqv/ dqg zlwk suredelolw|
  Z dq ruwkrgr{ ohdghu lv hohfwhg1 Hohfwlrq uhvxowv ehfrph nqrzq ehiruh ohqghuv fkrrvh
zkhwkhu wr urooryhu wkhlu ghewv dw wkh hqg ri shulrg 41 Wkhq d uxq rffxuv zlwk suredelolw| R
li _ lv odujh hqrxjk wr pdnh d uxq ihdvleoh1 Exw hyhq li d uxq grhv qrw rffxu/ udwlrqdo ohqghuv
pd| fkrrvh qrw wr uroo ryhu VW ghewv li d srsxolvw kdv ehhq hohfwhg1 Txlwh fuxfldoo|/ urooryhu
ghflvlrqv duh pdgh rqfh hohfwlrq uhvxowv duh nqrzq exw ehiruh wkh qhz jryhuqphqw wdnhv
ryhu/ vr wkdw VW ghewv zloo dozd|v eh uhsdlg wr wkh h{whqw wkdw dydlodeoh uhvrxufhv shuplw143
Wkh lqwhuhvwlqj fdvh rffxuv li d srsxolvw lv hohfwhg dqg qr jhqhudol}hg uxq ru sdqlf rffxuv1
Lq wkdw vlwxdwlrq/ zkhwkhu ohqghuv uhixvh wr uroo ryhu ordqv ghshqgv rq zkhwkhu wkh| h{shfw
wkh jryhuqphqw zloo fdxvh d ghidxow> dqg wkh ghidxow lqfhqwlyhv idfhg e| wkh jryhuqphqw
ghshqg fuxfldoo| rq wkh pdwxulw| vwuxfwxuh ri ghew1 Lw lv lq wklv frqwh{w wkdw VW ghew fdq
kdyh ghvludeoh lqfhqwlyh hhfwv1
Wr vhh wklv/ frqvlghu wkh rswlrqv idfhg e| d qhzo| hohfwhg srsxolvw jryhuqphqw li qr uxq
wdnhv sodfh1 Li lw fdq dvvxuh ohqghuv wkdw ordqv zloo eh uhsdlg +e| fdxvlqj surmhfw lqfrph/ iru
lqvwdqfh/ wr eh ghsrvlwhg lq dq lqwhuqdwlrqdo hvfurz dffrxqw,/ VW ghewv zloo eh uroohg ryhu/
dqg frqvxpswlrq e| wkh uhsuhvhqwdwlyh orfdo eruurzhu lv -&  E n o7_  E n ouE&_1
Li wkh qhzo| hohfwhg jryhuqphqw fdqqrw +ru grhv qrw zdqw wr, uhdvvxuh lqyhvwruv/ kroghuv ri
VW ghewv zloo uhixvh wr uroo wkhp ryhu dqg vrph hduo| oltxlgdwlrq ri wkh surmhfw zloo wdnh
sodfh1 Kdylqj qrwklqj wr orvh/ wkh jryhuqphqw zloo lqghhg ghfuhh d ghidxow zkhq lw frphv wr






Wkh qhzo| hohfwhg jryhuqphqw zloo fkrrvh wkh hvfurz dffrxqw rswlrq li frqvxpswlrq
e| wkh uhsuhvhqwdwlyh lqglylgxdo lv odujhu lq wkdw fdvh1 Wkh fkrlfh ghshqgv rq krz pxfk
VW ghew wkhuh lv144 Iru wkh vdnh ri euhylw|/ frqvlghu mxvw wkh srodu fdvhv ri _ 'fdqg
_ ' &1L i _ 'f / wkhq qr uxqv fdq wdnh sodfh dqg or 'f 1 Zloo d ghidxow wdnh sodfhB
43Wklv lv d yhu| uhdolvwlf dvvxpswlrq1 Wkhuh lv riwhq d ￿exqfklqj￿ ri dpruwl}dwlrqv lq wkh zlqgrz ehwzhhq
hohfwlrqv dqg wkh fruuhvsrqglqj wudqvihu ri srzhu1
44Wr hydoxdwh zklfk frqvxpswlrq ohyho lv kljkhu rqh pxvw slq grzq wkh ydoxh ri wkh uhohydqw lqwhuhvw udwhv>
wkh|/ lq wxuq/ ghshqg rq wkh vl}h ri g1 Rqh frxog uhdglo| frpsxwh/ dv zh glg lq dq hduolhu vhfwlrq/ uV / uO
dqg h{shfwhg eruurzhu frqvxpswlrq iru hdfk g/ dqg wkhq xvh wkh uhvxowv wr lghqwli| wkh vrfldoo| rswlpdo ohyho
ri VW ghew1
43Zlwk ghidxow wkh uhsuhvhqwdwlyh eruurzhu frqvxphv -&E  k/d q gz l w k r x wl wf r q v x p h v
E -  &1 Vlqfh zh kdyh dvvxphg k	- 3 ￿/ frqvxpswlrq lv kljkhu xqghu qr sd|phqw/ dqg
wkh rssruwxqlvwlf jryhuqphqw zloo suhihu d ghidxow1 Zlwk udwlrqdo h{shfwdwlrqv/ _ 'fzloo
fdxvh no u 'E   Z 
3 ￿ / vlqfh diwhu d srsxolvw wulxpsk lq wkh hohfwlrqv/ kroghuv ri OW
ghew jhw qrwklqj1 Li qr VW ghew lv fkrvhq lq shulrg 3/ wkhq h{shfwhg frqvxpswlrq e| wkh
uhsuhvhqwdwlyh eruurzhu lv E-  &  Zk&1
Li rqo| VW ghew lv fkrvhq dqg _ ' &/ rq wkh rwkhu kdqg/ ghidxow fdq qhyhu wdnh sodfh
lq htxloleulxp= wkh h{shfwdwlrq ri d ghidxow zrxog fdxvh doo ghew wr eh uhghhphg lq shulrg
4/ dqg hduo| oltxlgdwlrq ri wkh zkroh lqyhvwphqw zrxog ohdyh qrwklqj iru wkh eruurzhu wr
frqvxph1 Exw uxqv fdq fohduo| rffxu lq htxloleulxp/ vr wkdw no u 'E R 
3 ￿dqg o7 lv
jlyhq e| htxdwlrq 9 hydoxdwhg dw _ ' &1 Zlwk wkdw lqirupdwlrq lw lv hdv| wr frpsxwh h{shfwhg
frqvxpswlrq e| wkh uhsuhvhqwdwlyh eruurzhu/ zklfk lv htxdo wr E-  &  RE-  4&1
Frpsdulqj wkh wzr h{suhvvlrqv iru h{shfwhg frqvxpswlrq zh vhh wkdw kdylqj qr VW ghew
lv ehwwhu h{ dqwh li dqg rqo| li wkh suredelolw| ri hohfwlqj d srsxolvw dqg wkh frvw ri wkh
srwhqwldoo| dvvrfldwhg ghidxow duh vx!flhqwo| vpdoo= Z k	RE -4  1 Wkh lqwxlwlrq lv fohdu=
wkh srvlwlyh lqfhqwlyh hhfw ri VW ghew lv prvw xvhixo lq frxqwulhv surqh wr srsxolvw srolflhv1
Wklv ehqhw vkrzv xs lq orzhu frqwudfwxdo lqwhuhvw udwhv/ vlqfh ghew wkdw lv vx!flhqwo| vkruw
lq pdwxulw| uhgxfhv wkh ulvn ri ghidxow1 Lq vxfk dq hqylurqphqw/ holplqdwlqj doo VW eruurzlqj
zrxog eh vrfldoo| kdupixo1
618 Lpsolfdwlrqv
Wkh prgho vnhwfkhg rxw lq wklv vhfwlrq kdv vhyhudo lpsruwdqw lpsolfdwlrqv=
 Uxqv fdq rqo| rffxu zkhq lqyhvwruv wdnh rq vx!flhqwo| odujh dprxqwv ri VW ghew1
 Wkh odujhu wkh vwrfn ri VW ghew/ wkh odujhu wkh vl}h ri d uxq11
 Wkh odujhu wkh vwrfn ri VW ghew/ wkh odujhu wkh uhdo frqvhtxhqfhv +lq whupv ri frvwo|
oltxlgdwlrq dqg uhgxfhg rxwsxw dqg frqvxpswlrq, ri d uxq1
 Glvwruwhg lqfhqwlyhv fdq fdxvh lqyhvwruv wr wdnh rq VW ghew/ hyhq li grlqj vr lv vrfldoo|
frvwo|1 Khqfh/ wkhuh pd| eh d fdvh iru glvfrxudjlqj vkruw pdwxulwlhv wkurxjk sxeolf
srolf|1
 Exw VW ghew fdq sod| d xvhixo uroh +iru lqvwdqfh/ e| vhuylqj dv d suhfrpplwphqw ghylfh,1
Khqfh/ srolflhv wkdw vkduso| uhgxfh VW  rzv fdq kdyh frvwv dv zhoo dv ehqhwv1
447 Vkruw0whup h{whuqdo ghew= dq hpslulfdo dqdo|vlv
Vkruw0whup fdslwdo  rzv frpsulvh d zlgh duud| ri qdqfldo wudqvdfwlrqv= wudgh fuhglwv/ frp0
phufldo edqn ordqv zlwk d pdwxulw| ri ohvv wkdq rqh |hdu/ dqg vkruw0whup sulydwh dqg sxeolf
ghew +erwk lq orfdo dqg iruhljq fxuuhqflhv, lvvxhg deurdg ru vrog wr qrq0uhvlghqwv1
Wkh vwdwlvwlfdo fryhudjh ri wkhvh wudqvdfwlrqv dqg ri rxwvwdqglqj vwrfnv lv lpshuihfw1
Wkh RHFG/ ELV/ Zruog Edqn/ dqg wkh LPI doo surylgh vrph gdwd rq vkruw0whup ghew iru
ghyhorslqj dqg wudqvlwlrq frxqwulhv/ exw gr vr zlwk vrph jdsv145 Lq zkdw iroorzv/ zh xvh
gdwd iurp wkh Lqvwlwxwh ri Lqwhuqdwlrqdo Ilqdqfh +LLI 4<<;,1 Wkhvh gdwd kdyh ehhq froohfwhg
odujho| iurp qdwlrqdo vrxufhv/ dqg kdyh wkh dgydqwdjh wkdw lq sulqflsoh wkh| lqfoxgh doo
irupv ri vxssolhuv* fuhglwv dv zhoo dv qrq0uhvlghqwv* kroglqjv ri jryhuqphqw eloov +lqfoxglqj
ghew lvvxhg lq orfdo fxuuhqf|,/ lq dgglwlrq wr oldelolwlhv wr frpphufldo edqnv dqg rwkhu iruhljq0
fxuuhqf| ghqrplqdwhg eruurzlqj146 Wkh LLI suhvhqwdwlrq ri wkh gdwd doorzv xv wr glvwlqjxlvk
ehwzhhq phglxp0 dqg orqj0whup ghew dqg vkruw0whup ghew/ dqg lq wkh odwwhu fdwhjru| ehwzhhq
ghew rzhg wr edqnv dqg rwkhu ghew1 Wkh pdlq vkruwfrplqj ri wkh LLI vrxufh lv wkdw wkh
fryhudjh lv olplwhg wr 6: hphujlqj0pdunhw hfrqrplhv1 Iru rxu sxusrvhv/ krzhyhu/ wklv lv qrw
d pdmru frqfhuq/ dv wkhvh frxqwulhv frqvwlwxwh wkh uhohydqw vdpsoh iru wkh dqdo|vlv1
D fdyhdw lv wkdw/ ehfdxvh frpsdudeoh gdwd duh qrw fxuuhqwo| dydlodeoh/ zh kdyh qrw
lqfoxghg vkruw0whup grphvwlf sxeolf ghew lq rxu zrun hyhq wkrxjk d uxq rq vxfk sxeolf ghew
fdq dovr fdxvh looltxlglw| dqg fulvhv1 Lq wkh Dvldq fulvlv/ wklv lv qrw olnho| wr eh dq lpsruwdqw
rplvvlrq1 Durxqg wkh wlph ri wkh froodsvh wkhuh grhv qrw vhhp wr kdyh ehhq pxfk vkruw
whup sxeolf ghew lq wkh vwurqjo| dhfwhg frxqwulhv ri Lqgrqhvld/ Nruhd dqg Wkdlodqg +vhh
Wdeoh 6 ri Lwr/ 4<<;,147 Krzhyhu/ sxeolf ghew suredeo| sod|hg d uroh lq rwkhu hslvrghv1 Zh
45Wkhvh lqwhuqdwlrqdo rujdql}dwlrqv kdyh uhfhqwo| srrohg wkhlu uhvrxufhv wr surylgh d xql￿hg vhw ri txduwhuo|
vwdwlvwlfv rq h{whuqdo ghew Wkh gdwd duh dydlodeoh dw kwws=22zzz1rhfg1ruj2gdf2ghew21 Wkh vkruw0whup ghew
vwrfnv uhsruwhg e| wkhvh djhqflhv fryhu oldelolwlhv wr qrq0uhvlghqw edqnv/ r!fldo ru r!fldoo| jxdudqwhhg wudgh
fuhglwv/ dqg ghew vhfxulwlhv +l1h1/ prqh| pdunhw lqvwuxphqwv/ erqgv dqg qrwhv, lvvxhg deurdg1 Wkhlu gdwd
duh sxw wrjhwkhu odujho| iurp fuhglwru dqg pdunhw vrxufhv1 Fryhudjh lv srru ru qrq0h{lvwhqw lq wkh iroorzlqj
duhdv= +l, qrq0r!fldoo| jxdudqwhhg vxssolhuv* fuhglw qrw fkdqqhohg wkurxjk edqnv> +ll, sulydwh sodfhphqwv
ri ghew vhfxulwlhv> +lll, grphvwlfdoo| lvvxhg ghew khog e| qrq0uhvlghqwv> dqg +ly, ghsrvlwv ri qrq0uhvlghqwv lq
grphvwlf lqvwlwxwlrqv1
46Zh duh judwhixo wr Zlooldp Folqh ri wkh LLI iru pdnlqj wkh gdwd dydlodeoh/ dv zhoo dv iru fodul￿fdwlrqv rq
vrxufhv dqg fryhudjh1
47H{fhsw iru Eud}lo/ sxeolf ghew kdv qrw ehhq d pdmru sureohp uhfhqwo| iru frpsdudeoh Odwlq Dphulfdq
frxqwulhv hlwkhu1 Ph{lfr pdqdjhg wr h{whqg wkh pdwxulw| ri lwv sxeolf ghew diwhu wkh 4<<7 froodsvh1 Dw wkh
hqg ri Vhswhpehu 4<<7/ vkruw whup grphvwlf ihghudo ghew zdv htxlydohqw wr XV ’5914 eloolrq> e| wkh hqg ri
45nqrz wkdw wkh Ph{lfdq jryhuqphqw*v lqdelolw| wr uroo ryhu lwv odujh vwrfn ri vkruw whup ghew
+lq sduwlfxodu/ wkh lqidprxv Whvrerqrv, zdv wr suryh nh| lq wuljjhulqj wkh qdqfldo fulvlv lq
Ghfhpehu 4<<71 Pruh gudpdwlfdoo|/ Eud}lo*v lqwhuqdo ghew vlwxdwlrq vhhpv wr eh fuxfldo iru
xqghuvwdqglqj lwv fxuuhqw suhglfdphqw1
714 Ghew pdwxulw| dqg fulvhv
Hyhq wkrxjk vkruw0whup ghew h{srvxuh jxuhv surplqhqwo| lq wkh orqj olvw ri fxosulwv iru
wkh Dvldq qdqfldo fulvlv/ ihz hpslulfdo vwxglhv kdyh ehhq deoh wr gudz d wljkw hpslulfdo
frqqhfwlrq ehwzhhq fxuuhqf| ru edodqfh0ri0sd|phqwv fulvhv dqg vkruw0whup ghew1 Ndplqvn|/
Ol}rqgr dqg Uhlqkduw*v +4<<;, frpsuhkhqvlyh vxuyh| ri wkh hpslulfdo olwhudwxuh xqfryhuv
hvvhqwldoo| qr hylghqfh wkdw wkh pdwxulw| suroh ri h{whuqdo ghew pdwwhuv iru fulvhv1 Wkh
yduldeohv kljkoljkwhg e| wklv olwhudwxuh dv ohdglqj lqglfdwruv ri fxuuhqf| fulvhv duh wkh ohyho ri
uhvhuyhv/ wkh uhdo h{fkdqjh udwh/ fuhglw jurzwk/ fuhglw wr wkh sxeolf vhfwru/ dqg lq dwlrq/ exw
qrw vkruw0whup ghew +Ndplqvn| hw do1 4<<;,1 Rqh uhdvrq/ dv qrwhg e| Ixupdq dqg Vwljolw}
+4<<;/ 84,/ lv wkdw qrw pdq| ri wkhvh vwxglhv kdyh irfxvvhg rq wkh frpsrvlwlrq ri iruhljq
ghew1 Wkuhh h{fhswlrqv duh Vdfkv/ Wruqhoo dqg Yhodvfr +4<<9,> Iudqnho dqg Urvh +4<<9, dqg
Hlfkhqjuhhq dqg Urvh +4<<;,1 Wkh uvw ri wkhvh sdshuv qgv zhdn hylghqfh wkdw wkh vkduh
ri vkruw whup fdslwdo  rzv lq wrwdo  rzv khosv suhglfw zklfk frxqwulhv zhuh dhfwhg e| wkh
whtxlod hhfw lq 4<<81 Wkh vhfrqg qgv qr vwdwlvwlfdoo| vljqlfdqw uhodwlrqvkls ehwzhhq wkh
vkduh ri vkruw0whup ghew dqg wkh lqflghqfh ri fxuuhqf| fulvhv/ zkloh wkh wklug frqfoxghv wkdw
d kljkhu vkduh ri vkruw0whup ghew dfwxdoo| ghfuhdvhv wkh suredelolw| ri edqnlqj fulvhv1
D uhfhqw sdshu e| Udghohw dqg Vdfkv +4<<;, lv/ wr rxu nqrzohgjh/ wkh rqo| sdshu wkdw
suhvhqwv v|vwhpdwlf hylghqfh rq wkh fxosdelolw| ri vkruw0whup ghew1 Wkhvh dxwkruv surylgh d
surelw dqdo|vlv iru 4< hphujlqj pdunhwv fryhulqj wkh |hduv 4<<704<<:1 Wkhlu fulvlv lqglfdwru
lv d elqdu| yduldeoh wkdw wdnhv wkh ydoxh ri 4 zkhq d frxqwu| h{shulhqfhv d vkdus vkliw iurp
fdslwdo lq rz wr fdslwdo rxw rz ehwzhhq |hdu |   dqg |hdu | +Udghohw dqg Vdfkv 4<<;/ s1
56,1 Wkh| fodvvli| qlqh fdvhv dv vxfk= Wxunh| dqg Yhqh}xhod lq 4<<7/ Dujhqwlqd dqg Ph{lfr
lq 4<<8/ dqg Lqgrqhvld/ Nruhd/ Pdod|vld/ wkh Sklolsslqhv/ dqg Wkdlodqg lq 4<<:1 Udghohw dqg
Vdfkv phdvxuh vkruw0whup ghew h{srvxuh e| wdnlqj wkh udwlr ri vkruw0whup ghew wr iruhljq
edqnv +iurp ELV, wr fhqwudo edqn uhvhuyhv1 Wkh| qg wkdw wklv udwlr lv dvvrfldwhg srvlwlyho|
dqg vwdwlvwlfdoo| vljqlfdqwo| zlwk fulvhv +dv lv wkh lqfuhdvh lq wkh sulydwh fuhglw2JGS udwlr lq
Mxqh 4<<: wklv ￿jxuh zdv grzq wr ohvv wkdq XV ’;18 eloolrq1 Dujhqwlqd/ Fkloh dqg Shux kdyh qrw lvvxhg
grphvwlf vkruw whup ghew lq dq| vxevwdqwldo pdjqlwxgh1
46wkh suhylrxv wkuhh |hduv,1 Wkh| qg qr hylghqfh wkdw fulvhv duh dvvrfldwhg zlwk fruuxswlrq1
Wkh| qg rqo| zhdn hylghqfh rq wkh fxuuhqw0dffrxqw ghflw dqg/ hyhq pruh vxusulvlqjo|/ qr
h y l g h q f hr qw k hu r o hr iu h d oh { f k d q j hu d w hd s s u h f l d w l r q 1
Zh suhvhqw khuh dq h{huflvh lq wkh vslulw ri Udghohw dqg Vdfkv +4<<;,/ h{whqglqj wkhlu
dqdo|vlv lq wzr gluhfwlrqv1 Iluvw/ zh xvh wkh LLI gdwdedvh +LLI 4<<;,/ dqg fdq wkxv glvwlqjxlvk
frqvlvwhqwo| ehwzhhq vkruw0whup ghew rzhg wr iruhljq edqnv dqg rwkhu vkruw0whup ghew/ dv
zhoo dv ehwzhhq vkruw0whup dqg phglxp0 dqg orqj0whup ghew1 E| frqwudvw/ wkh ELV vwdwlvwlfv
rq zklfk prvw uhfhqw dqdo|vhv kdyh uholhg surylgh lqirupdwlrq rqo| rq vkruw0whup ghew rzhg
wr iruhljq edqnv148 Vhfrqg/ wkh LLI gdwdedvh doorzv xv wr h{sdqg wkh vfrsh ri wkh hpslulfdo
dqdo|vlv= zh fryhu wkh shulrg 4<;;04<<; dqg 65 hphujlqj0pdunhw hfrqrplhv/ jlylqj xv d
pxfk odujhu vdpsoh ri revhuydwlrqv dv zhoo dv pruh fulvhv149
Lq ghqlqj d qdqfldo fulvlv/ zh irfxv rq wkh sur{lpdwh fdxvh= d vkdus uhyhuvdo lq fdslwdo
 rzv1 Khqfh zh iroorz wkh ghqlwlrq ri Udghohw dqg Vdfkv +4<<;, udwkhu wkdq wkdw ri wkh
hduolhu olwhudwxuh/ zklfk hpskdvl}hg fxuuhqf| ghsuhfldwlrqv dqg2ru uhvhuyh uhgxfwlrqv1 Zh
dvvxph wkhuh lv d fulvlv zkhq wkhuh lv d wxuq0durxqg lq qhw sulydwh iruhljq fdslwdo  rzv +|,
ri 8 shufhqwdjh srlqwv ri JGS ru pruh14: Rshudwlrqdoo|/ rxu fulvlv yduldeoh lv d f yduldeoh
zklfk wdnhv wkh ydoxh 4 lq dq| |hdu lq zklfk |3￿ : f dqg E|3￿  |*t|3￿ : ffD1W k h
ydoxh ri fulvlv lv vhw wr plvvlqj iru wkh wzr vxffhvvlyh |hduv iroorzlqj d |hdu lq zklfk fulvlv
'+djdlq iroorzlqj Udghohw dqg Vdfkv,14;
Wklv h{huflvh |lhogv 49 lqvwdqfhv ri fulvhv/ olvwhg lq Wdeoh 51 Wkh vdpsoh lqfoxghv doo exw
wzr ri wkh fdvhv lghqwlhg e| Udghohw dqg Vdfkv +4<<;, dv zhoo dv pdq| rwkhuv1 Wkh wzr lq0
vwdqfhv ri fulvlv lq Udghohw dqg Vdfkv wkdw gr qrw phhw wkh 8 shufhqw wkuhvkrog duh Dujhqwlqd
+4<<8, dqg Pdod|vld +4<<:,1 Qrwh wkdw Pdod|vld lv olvwhg lqvwhdg dv kdylqj kdg d fulvlv
lq 4<<7/ zlwk d zkrsslqj wxuqdurxqg lq sulydwh fdslwdo  rzv ri 53 shufhqw ri JGS +zklfk
48Wkh fruuhodwlrq ehwzhhq wkh vwdwlvwlfv rq vkruw0whup ghew wr frpphufldo edqnv surylghg e| wkh wzr
vrxufhv lv yhu| kljk/ w|slfdoo| ri wkh rughu ri 31< +zlwk vrph h{fhswlrqv,1
49Wkh LLI gdwdedvh lqfoxghv dq dgglwlrqdo ￿yh rlo0h{sruwlqj frxqwulhv/ zklfk zh kdyh h{foxghg iurp wkh
dqdo|vlv1
4:Sulydwh fdslwdo  rzv duh ordqv iurp frpphufldo edqnv dqg rwkhu sulydwh fuhglw/ h{foxglqj htxlw|
lqyhvwphqwv1
4;Dovr/ zh kdyh h{foxghg iurp wkh vdpsoh d ihz gdwd srlqwv zlwk h{wuhpho| kljk ydoxhv ri vkruw0whup
ghew wr uhvhuyhv +juhdwhu wkdq 8,1 Uxvvld +lq 4<<4, dqg Frwh g*Lyrluh +lq 4<<5,/ iru h{dpsoh/ kdg vkruw0whup
ghew +wr edqnv,2uhvhuyhv udwlrv ri 645 dqg 54:/ uhvshfwlyho|1 Vlqfh vkruw0whup ghew lv rxu irfxv/ ohdylqj vxfk
revhuydwlrqv lq zrxog uhvxow lq rxwolhuv lq wkh surelw dqdo|vlv wkdw zrxog forxg wkh lqwhusuhwdwlrq ri wkh
uhvxowv1
47iroorzhg wkh lpsrvlwlrq ri fdslwdo frqwurov rq lq rzv lq Mdqxdu| 4<<7 dv glvfxvvhg ehorz,14<
Dgglwlrqdo fulvhv lqfoxgh Exojduld/ Kxqjdu|/ dqg wkh Sklolsslqhv +doo lq 4<<3,/ Xuxjxd| +4<<3
dqg 4<<6,/ dqg Hfxdgru +4<<9,1 Vrph ri wkhvh fdvhv duh dujxdeo| qrw lqvwdqfhv ri fulvlv lq
wkh vhqvh ri qdqfldo froodsvh/ dqg vhhp uhodwhg wr lglrv|qfudwlf ghyhorsphqwv +vxfk dv wkh
wudqvlwlrq iurp vrfldolvp lq wkh fdvhv ri Exojduld dqg Kxqjdu| lq 4<<3,1 Exw udwkhu wkdq
h{huflvh glvfuhwlrq/ zklfk ohdyhv wkh hpslulfdo uhvxowv rshq wr lqwhusuhwdwlrq/ zh kdyh ghflghg
wr iroorz wkh 8 shufhqw uxoh uljlgo|1 Rqh h{fhswlrq lv wkdw zh kdyh lqfoxghg Uxvvld +4<<;,
lq wkh fulvlv vdpsoh/ hyhq wkrxjk zh glg qrw kdyh gdwd rq sulydwh fdslwdo  rzv iru doo ri
4<<; dw wkh wlph ri wklv zulwlqj1 Wkh uhvxowv uhsruwhg ehorz duh urexvw wr wkh h{foxvlrq ri
Uxvvld ru ri dq| ri wkh rwkhu fdvhv iurp wkh vdpsoh/ dv zhoo dv wr fkdqjhv lq wkh ghqlwlrq
ri d fulvlv1 Zh duh idluo| frqghqw wkdw rxu qglqjv rq wkh lpsruwdqfh ri vkruw0whup ghew
duh qrw dq duwlidfw ri duelwudu| ghflvlrqv uhjduglqj wkuhvkrogv/ vdpsoh fryhudjh/ dqg rwkhu
phwkrgrorjlfdo fkrlfhv1
Dv Wdeoh 5 uhyhdov/ frxqwulhv h{shulhqflqj vkdus uhyhuvdov lq fdslwdo  rzv whqg wr kdyh
kljkhu vkduhv ri vkruw0whup ghew lq wrwdo/ exw zkhuh wkh| uhdoo| vwdqg dsduw lv lq whupv
ri vkruw0whup ghew2uhvhuyhv udwlrv1 Rq dyhudjh/ fulvlv fdvhv kdyh vkruw0whup ghew2uhvhuyhv
udwlrv wkdw duh wzlfh wkh ohyho wkdw rewdlqv lq rwkhu fdvhv +417< yhuvxv 31:9 iru ghew rzhg wr
edqnv/ dqg 418< yhuvxv 31:4 iru rwkhu ghew,1 Dw wkh vdph wlph/ wkh wdeoh uhyhdov lqvwdqfhv ri
f u l v h vl qw k hs u h v h q f hr it x l w ho r zo h y h o vr iv k r u w 0 w h u ph { s r v x u hd vz h o o+ h 1 j 1 /H f x d g r u4 < < 9 >
Yhqh}xhod 4<<7,
Wkh uhodwlrqvkls ehwzhhq vkruw0whup fdslwdo  rzv dqg qdqfldo fulvhv lv h{dplqhg pruh
v|vwhpdwlfdoo| lq Wdeoh 6/ zklfk suhvhqwv surelw uhjuhvvlrqv1 Froxpqv +4, dqg +5, duh el0
yduldwh surelwv/ zkhuh fulvlv lv uhjuhvvhg vroho| rq dq lqglfdwru ri vkruw0whup ghew h{srvxuh1
Wkh uvw lqglfdwru lv d gxpp| yduldeoh zklfk wdnhv rq d ydoxh ri 4 zkhqhyhu wkh +odjjhg,
ydoxh ri vkruw whup ghew wr iruhljq edqnv2uhvhuyhv h{fhhgv xqlw|1 Wkh hvwlpdwhg frh!flhqw
lv vwdwlvwlfdoo| kljko| vljqlfdqw/ lqglfdwlqj wkdw frxqwulhv zkhuh wklv udwlr lv kljkhu wkdq
xqlw| kdyh d 43 shufhqwdjh srlqwv kljkhu suredelolw| ri h{shulhqflqj d fulvlv +frpsduhg wr
frxqwulhv zkhuh wkh udwlr lv ehorz rqh,1 Vlqfh wkh dyhudjh suredelolw| ri fulvlv lq rxu vdpsoh
lv 3139/ wklv fruuhvsrqgv urxjko| wr d wulsolqj ri wkh fulvlv suredelolw| +3149 yhuvxv 3139,1
Froxpq +5, vkrzv wkdw wkhuh lv d wljkw elyduldwh uhodwlrqvkls ehwzhhq fulvlv dqg wkh vkduh ri
vkruw0whup ghew lq wrwdo ghew dv zhoo1
Lq wkh uhpdlqlqj uhjuhvvlrqv ri Wdeoh 6/ zh lqwurgxfh vlpxowdqhrxvo| wkh udwlrv ri wkuhh
4<Wkh fdslwdo frqwurov zhuh phdqw wr vwhp wkh  rz ri odujh dprxqwv ri vkruw0whup vshfxodwlyh ixqgv
jdpeolqj rq wkh dssuhfldwlrq ri wkh Pdod|vldq fxuuhqf|1
48glhuhqw w|shv ri ghew wr uhvhuyhv +doo lq frqwlqxrxv irup udwkhu wkdq dv d gxpp|,= +d, vkruw
whup ghew rzhg wr edqnv> +e, rwkhu vkruw0whup ghew> dqg +f, phglxp0 dqg orqj0whup ghew1
Erwk w|shv ri vkruw0whup ghew hqwhu zlwk srvlwlyh dqg vwdwlvwlfdoo| vljqlfdqw frh!flhqwv
+zlwk wkh h{fhswlrq ri rwkhu vkruw0whup ghew lq froxpq +;,,1 Wkh srlqw hvwlpdwhv uhyhdo wkdw
wkh lpsdfw ri vkruw0whup eruurzlqj iurp edqnv lv odujhu1 Lqwhuhvwlqjo|/ phglxp0 dqg orqj0
whup ghew hqwhuv zlwk d vpdoo/ qhjdwlyh/ dqg vwdwlvwlfdoo| vljqlfdqw frh!flhqw/ lqglfdwlqj
wkdw orqjhu whup eruurzlqj lv dvvrfldwhg zlwk d orzhu suredelolw| ri fulvlv +hyhq zkhq kroglqj
wkh vkruw0whup ghew vwrfn frqvwdqw,1 Rqh lqwhusuhwdwlrq lv wkdw wkh phglxp0 dqg orqj0whup
ghew vwrfn lv fruuhodwhg zlwk rplwwhg frxqwu| dwwulexwhv wkdw lqfuhdvh fuhglwzruwklqhvv dqg
uhgxfh wkh surshqvlw| wr fulvhv1
Wkh surelw hvwlpdwhv dovr lqglfdwh wkdw fulvlv suredelolwlhv duh lqfuhdvlqj lq wkh ryhudoo
ghew exughq +phdvxuhg e| wkh ghew0JGS udwlr,/ wkh fxuuhqw dffrxqw ghflw +dv d shufhqwdjh
ri JGS,/ dqg wkh dssuhfldwlrq ri wkh uhdo h{fkdqjh udwh +phdvxuhg ryhu wkh suhylrxv wkuhh
|hduv,1 Wkhvh uhvxowv duh frqvlvwhqw zlwk suhylrxv hpslulfdo zrun1 Rq wkh rwkhu kdqg/ exgjhw
ghflwv/ wkh udwlr ri P5 wr uhvhuyhv/ dqg wkh fkdqjh lq fuhglw0JGS udwlrv gr qrw dsshdu wr
kdyh d vwdwlvwlfdoo| vljqlfdqw uhodwlrqvkls zlwk fulvhv1 Lqghhg/ rqfh wkh ghew udwlrv duh
lqfoxghg/ doo wkuhh ri wkhvh yduldeohv hqwhu zlwk wkh zurqj vljq1
Zh qrwh wkdw wkhvh uhvxowv uhpdlq hvvhqwldoo| xqfkdqjhg zkhq zh h{foxgh wkh 4<<: dqg
4<<; revhuydwlrqv iurp wkh vdpsoh/ uhvwulfwlqj dwwhqwlrq wr uhyhuvdov lq fdslwdo  rzv sulru wr
wkh Dvldq fulvlv dqg wkh Uxvvldq phowgrzq1 Lq sduwlfxodu/ vkruw0whup ghew2uhvhuyhv udwlrv
frqwlqxh wr hqwhu zlwk kljko| vljqlfdqw frh!flhqwv1 Lw grhv qrw dsshdu wkhuhiruh wkdw wkh
shulov ri vkruw0whup fdslwdo  rzv duh ri yhu| uhfhqw ylqwdjh1 Pruhryhu/ vxevwlwxwlqj ELV gdwd
rq vkruw0whup ghew +wr frpphufldo edqnv, iru wkh LLI gdwd |lhogv uhvxowv wkdw duh yluwxdoo|
lghqwlfdo1
Lq vkruw/ wkhvh uhvxowv surylgh vwurqj vxssruw iru wkh lghd wkdw srwhqwldo looltxlglw| lq
sduwlfxodu/ wkh udwlr ri vkruw0whup iruhljq ghew wr uhvhuyhv lv dq lpsruwdqw suhfxuvru ri
qdqfldo fulvhv wuljjhuhg e| uhyhuvdov lq fdslwdo  rzv1 Rxu hylghqfh lv frqvlvwhqw zlwk wkh lghd
wkdw looltxlglw| pdnhv hphujlqj0pdunhw hfrqrplhv yxoqhudeoh wr sdqlf1 Dw wkh vdph wlph/ lw
ehduv uhshdwlqj wkdw vxfk fulvhv uhpdlq kljko| xqsuhglfwdeoh1 Wkh ryhudoo w ri wkh surelwv
lv srru/ dqg fhuwdlqo| ri qrw pxfk xvh iru suhglfwlyh sxusrvhv/ hyhq zkhq dssolhg lq0vdpsoh1
Iru lqvwdqfh/ wkh lq0vdpsoh suhglfwhg suredelolwlhv ri fulvlv iru Vrxwk Nruhd/ Wkdlodqg/ dqg
Lqgrqhvld lq 4<<: duh 3187/ 3157/ dqg 314</ uhvshfwlyho|1 Wkh fruuhvsrqglqj rxw0ri0vdpsoh
suredelolwlhv duh 3164/ 314:/ dqg 31461 Hpslulfdoo|/ d kljk udwlr ri vkruw0whup ghew wr uhvhuyhv
lv qhlwkhu d qhfhvvdu| qru d vx!flhqw frqglwlrq iru qdqfldo sdqlf1
49715 Vkruw0whup ghew dqg wkh vhyhulw| ri fulvhv
Zh kdyh dqdo|}hg vr idu wkh uhodwlrqvkls ehwzhhq vkruw0whup fdslwdo  rzv dqg wkh rqvhw ri
fulvlv1 Dv wkh prgho lq vhfwlrq 6 vxjjhvwhg/ vkruw0whup ghew h{srvxuh lv dovr olnho| wr dhfw
wkh vhyhulw| ri wkh vkrfn rqfh d fulvlv grhv huxsw1 Zkhq frqghqfh glvdsshduv dqg ghew
urooryhuv ehfrph gl!fxow/ wkh hqwluh vwrfn ri d frxqwu|*v vkruw0whup iruhljq ghew pd| kdyh
wr eh sdlg edfn zlwklq d |hdu1 D frxqwu| zlwk d vkruw0whup ghew2JGS udwlr ri/ vd|/ 48
shufhqw/ frxog lq sulqflsoh kdyh wr sd| 48 shufhqw ri lwv JGS wr lwv fuhglwruv lq d vlqjoh |hdu1
Jhqhudwlqj dq h{whuqdo wudqvihu ri wklv pdjqlwxgh lv olnho| wr eh txlwh frvwo|/ qrw rqo| wr
ohyhov ri grphvwlf devruswlrq/ exw dovr wr uhdo dfwlylw|1 Wkh odwwhu hhfwv fdq frph derxw
wkurxjk d frvwo| oltxlglw| vtxhh}h/ wkurxjk wkh hhfwv rq edodqfh vkhhwv ri wkh gurs lq dvvhw
ydoxhv dqg wkh fxuuhqf| ghsuhfldwlrq wkdw dffrpsdq| wkh fulvlv/ dqg wkurxjk wudglwlrqdo
Nh|qhvldq pxowlsolhu fkdqqhov1
Rqh pljkw wkhq h{shfw wkh frvwv lqfxuuhg/ frqglwlrqdo rq kdylqj d fulvlv/ wr eh sursru0
wlrqdo wr wkh suh0h{lvwlqj vwrfn ri vkruw0whup iruhljq ghew1 Lq wklv vhfwlrq/ zh suhvhqw d udqjh
ri hylghqfh wkdw vxjjhvwv wkdw wklv lv lqghhg wkh fdvh1
Zh qg wkdw lw lv wkh udwlr ri suh0h{lvwlqj vkruw0whup iruhljq ghew wr uhvhuyhv wkdw vhhpv
wr pdwwhu wr wkh vhyhulw| ri wkh fulvlv/ dqg qrw wkh udwlr lq uhodwlrq wr JGS1 D uhdvrq zk|
wkh iruphu udwlr pd| eh wkh uhohydqw udwlr kdv wr gr zlwk zlwklq0frxqwu| frqwdjlrq1 Lpdjlqh
wkdw lq d fulvlv wkh kroghuv ri doo vkruw0whup ghew lq wkh hfrqrp| lqfoxglqj P4/ vkruw0
whup grphvwlf ghew ri wkh sxeolf vhfwru frph wr ihdu wkdw lqwhuqdwlrqdo uhvhuyhv zloo eh
h{kdxvwhg e| wkh vhuylfh ri vkruw0whup iruhljq ghew1 Wkhq wkh| zloo dwwhpsw wr  hh dv zhoo/
dqg zloo vxffhhg lq grlqj vr dv orqj dv wkhuh duh grooduv lq wkh Fhqwudo Edqn/ ru dv orqj dv
wkh fdslwdo dffrxqw uhpdlqv rshq1 Vr zlwk orz uhvhuyhv/ wkh wxuqdurxqg lq fdslwdo  rzv dv
d sursruwlrq ri JGS fdq eh pxfk kljkhu lq d sdqlf1
Iljxuh 6 vkrzv wkdw wkhuh lv d wljkw uhodwlrqvkls ehwzhhq wkh pdjqlwxgh ri wkh froodsvh
lq jurzwk/ frqglwlrqdo rq kdylqj h{shulhqfhg d fdslwdo0 rzv fulvlv dv ghqhg suhylrxvo|/ dqg
wkh suh0h{lvwlqj vkruw0whup iruhljq ghew h{srvxuh +phdvxuhg lq uhodwlrq wr uhvhuyhv,1 Lq rxu
vdpsoh ri 49 fulvhv/ wkh dyhudjh uhgxfwlrq lq wkh jurzwk udwh lq wkh |hdu ri fulvlv +uhodwlyh wr
wkh suhylrxv |hdu, lv 714 shufhqw1 Exw frxqwulhv olnh Wxunh| +4<<7, dqg Ph{lfr +4<<8,/ zlwk
yhu| kljk ohyhov ri vkruw0whup ghew kdyh vxhuhg pxfk juhdwhu froodsvhv lq uhdo hfrqrplf
dfwlylw| wkdq Pdod|vld +4<<7, ru Yhqh}xhod +4<<7,1 Wkh vwdwlvwlfdo uhjxodulw| lq rxu vdpsoh
lv wkdw dq lqfuhdvh/ vd|/ iurp 318 wr 418 lq wkh vkruw0whup ghew rzhg wr iruhljq edqnv lq
uhodwlrq wr uhvhuyhv lv dvvrfldwhg zlwk d uhgxfwlrq lq jurzwk ri 516 shufhqwdjh srlqwv +wkh
4:dvvrfldwhg |0vwdwlvwlf ehlqj d kljko| vljqlfdqw 061;,1
Sduw ri wkh h{sodqdwlrq iru wklv uhodwlrqvkls kdv wr gr zlwk wkh juhdwhu grzqzdug suhvvxuh
rq wkh h{fkdqjh udwh lq kljko| looltxlg hfrqrplhv1 D froodsvh ri wkh h{fkdqjh udwh fdxvhg e|
qdqfldo sdqlf zuhdnv kdyrf zlwk sulydwh0vhfwru edodqfh vkhhwv dqg devruswlrq/ lpsduwlqj
vwurqj uhfhvvlrqdu| hhfwv lq wkh vkruw uxq1 Lq wkh fdvh ri Hdvw Dvld/ wkhuh zdv lqghhg d
vwurqj fruuhodwlrq ehwzhhq vkruw0whup ghew dqg wkh h{whqw ri fxuuhqf| ghsuhfldwlrq iroorzlqj
wkh froodsvh ri wkh Wkdl shj lq Mxo| 4<<: +vhh Iljxuh 7,1 Gxulqj wkh vhfrqg kdoi ri 4<<:/ fxu0
uhqflhv soxpphwhg wr juhdwhu ghswkv lq Nruhd/ Lqgrqhvld/ dqg Wkdlodqg/ wkh frxqwulhv zlwk
wkh kljkhvw vkruw0whup ghew0uhvhuyhv udwlrv lq wkh uhjlrq/ wkdq wkh| glg lq wkh Sklolsslqhv/
Pdod|vld/ ru Wkdlodqg1 Wkh uvw vhw ri frxqwulhv dovr vxhuhg juhdwhu uhgxfwlrqv lq hfrqrplf
dfwlylw|1
Dv zh glvfxvvhg hduolhu/ wkh exlogxs ri vkruw0whup ghew lq Hdvw Dvld lv d uhodwlyho| uhfhqw
skhqrphqrq1 Wkhuhiruh dqrwkhu zd| ri looxvwudwlqj wkh grzqvlgh ri vkruw0whup ghew h{srvxuh
xqghu fulvlv frqglwlrqv lv wr frpsduh wkh uhfhqw h{shulhqfh ri Hdvw Dvld zlwk suhylrxv hslvrghv
ri edodqfh0ri0sd|phqwv fulvlv lq wkh uhjlrq1 Iru wklv sxusrvh/ Wdeoh 7 vkrzv wkh hyroxwlrq
ri pdfurhfrqrplf lqglfdwruv lq Nruhd gxulqj wkh uhfhqw fulvlv dv zhoo dv gxulqj wkh fulvlv ri
4<;31 Lqgrqhvld dqg Wkdlodqg glg qrw h{shulhqfh h{whuqdo fulvhv ri d frpsdudeoh pdjqlwxgh
gxulqj wkh odvw wzr ghfdghv dqg wkhuhiruh gr qrw doorz d vlplodu frpsdulvrq1
Ehjlq e| qrwlqj wkdw wkh h{whuqdo vkrfnv h{shulhqfhg e| Nruhd lq 4<:<04<;3/ zkloh rulj0
lqdwlqj prvwo| rq wkh fxuuhqw dffrxqw udwkhu wkdq wkh fdslwdo dffrxqw/ zhuh txlwh vhyhuh e|
dq| phdvxuh1 Wkhuh zdv wkh vhfrqg rlo sulfh klnh/ wkh Yrofnhu vkrfn ri kljkhu zruog lqwhuhvw
udwhv/ dqg wkh zruogzlgh uhfhvvlrq/ zklfk uhgxfhg iruhljq ghpdqg iru Nruhdq h{sruwv1 Wkh
edodqfh0ri0sd|phqwv frvw ri wkh uvw wzr dorqh dprxqwhg wr 9 shufhqw ri JGS +Djkhyol dqg
Pdutxh}0Uxduwh 4<;8/ s1 8,1 Lq dgglwlrq/ wkh hfrqrp| zdv idfhg zlwk d odujh uhgxfwlrq lq
djulfxowxudo rxwsxw +dprxqwlqj wr d orvv ri pruh wkdq 7 shufhqw ri JQS, dqg frqvlghudeoh
srolwlfdo wxuexohqfh gxh wr wkh dvvdvvlqdwlrq ri Suhvlghqw Sdun1
Gxulqj wkh vhfrqg kdoi ri wkh 4<:3v/ Vrxwk Nruhd kdg eruurzhg khdylo| iurp iruhljq
frpphufldo edqnv wr qdqfh dq dpelwlrxv lqyhvwphqw surjudp/ lpsohphqwhg yld forvh fro0
oderudwlrq ehwzhhq wkh jryhuqphqw dqg wkh fkdhero1 Lq pdq| zd|v/ wkh fxuuhqw fulvlv ehduv d
orw ri uhvhpeodqfh wr wkh 4<;3 fulvlv1 Lq erwk fdvhv/ sulru wr wkh fulvlv zh kdyh d ghew exlogxs/
olplwhg h{fkdqjh udwh  h{lelolw|/ vrph uhdo dssuhfldwlrq ri wkh fxuuhqf|/ ghfhohudwlrq ri h{0
sruw jurzwk/ uhdo zdjh lqfuhdvhv/ qhjdwlyh whupv0ri0wudgh vkrfnv +wkh rlo vkrfn lq 4<:<0;3>
wkh idoo lq wkh sulfh ri vhplfrqgxfwruv lq 4<<90<:,/ dqg rwkhu dgyhuvh h{whuqdo vkrfnv +zruog
lqwhuhvw udwh lqfuhdvhv dqg vorzgrzq ri zruog hfrqrplf dfwlylw| lq wkh uvw fdvh> frqwdjlrq
4;iurp Wkdlodqg dqg wkh voxps lq Mdsdq lq wkh vhfrqg,doo djdlqvw d edfnjurxqg ri srolwlfdo
lqvwdelolw|1 Wkh vwuxfwxudo sureohpv d"lfwlqj wkh Nruhdq hfrqrp| lq wkh odwh 4<:3v zhuh
vdlg wr eh fkurqlf h{fhvv ghpdqg iru edqn ordqv/ udslg fuhglw h{sdqvlrq/ h{fhvvlyh lqyhvw0
phqw lq fhuwdlq vhfwruv/ dq lq dwlrqdu| hqylurqphqw/ gxsolfdwlrq ri lqyhvwphqw dqg exlog0xs
ri h{fhvv fdsdflw| +gxh wr dydlodelolw| ri fkhds ordqv dqg ryhuo| rswlplvwlf dvvhvvphqw ri wkh
survshfwv lq wkh grphvwlf dqg zruog hfrqrp|,/ dqg d udslg h{sdqvlrq ri krxvlqj1 H{fhsw
iru wkh lq dwlrqdu| hqylurqphqw +dqg pd|eh vxevwlwxwlqj jhqhudo surshuw| dqg dvvhw sulfh
errp iru wkh krxvlqj errp,/ doo wkh rwkhu idfwruv kdyh ehhq phqwlrqhg lq uhodwlrq wr wkh
fxuuhqw fulvlv1 Wkh fxuuhqw0dffrxqw ghflw zdv 515 shufhqw ri JGS lq 4<:; dqg 917 shufhqw
lq 4<:<vlplodu wr wkh ghflwv ri 41< shufhqw lq 4<<8 dqg 71: shufhqw lq 4<<91
Krzhyhu/ wkh ghew wkdw Nruhd slohg rq gxulqj wkh 4<:3v zdv prvwo| phglxp0 dqg0orqj
whup/ dqg wklv vkduso| olplwhg wkh srwhqwldo pdjqlwxgh ri fdslwdo0 rz uhyhuvdov dw wkh wlph
ri fulvlv1 Rq wkh hyh ri wkh vwdelol}dwlrq surjudp ri Mdqxdu| 4<;3/ wrwdo vkruw0whup ghew
vwrrg dw ;17 shufhqw ri JGS dqg <: shufhqw ri uhvhuyhv1 Wkhvh jxuhv duh pxfk orzhu wkdq
wkh qxpehuv wkdw suhydlohg rq wkh hyh ri wkh prvw uhfhqw fulvlv1 Lq odwh 4<<:/ zkhq Nruhd
zdv irufhg wr uhvsrqg wr wkh irufhv ri frqwdjlrq hpdqdwlqj iurp Wkdlodqg/ vkruw0whup ghew
vwrrg dw durxqg 48 shufhqw ri JGS dqg pruh wkdq 633 shufhqw ri uhvhuyhv1
Wkh nh| glhuhqfh ehwzhhq wkh wzr hslvrghv wkhuhiruh lv wkdw Nruhd ehfdph looltxlg lq
4<<: dqg vxemhfw wr fuhglwruv* sdqlf1 Xqdeoh wr uroo ryhu lwv vkruw0whup ghew/ wkh frxqwu|
kdg wr jhqhudwh d kxjh fxuuhqw dffrxqw vxusoxv dw vxevwdqwldo uhdo frvw wr wkh hfrqrp|1
Lq 4<;3/ wkh Nruhdq hfrqrp| idfhg qr vxfk gl!fxow|1 Nruhd zdv deoh wr uxq lq 4<;3 dq
hyhq odujhu fxuuhqw0dffrxqw ghflw wkdq lq suhylrxv |hduv1 Lw dffrpsolvkhg wklv e| uho|lqj
khdylo| rq vkruw0whup eruurzlqj1 Wkh wlow wrzdugv vkruw0whup eruurzlqj zdv gxh lq sduw wr
wkh khvlwdwlrq ri fuhglwruv wr frpplw orqj0whup ixqgv lq wkh idfh ri srolwlfdo dqg hfrqrplf
xqfhuwdlqw|1 Dv d frqvhtxhqfh/ gxulqj 4<;30;4 Nruhd*v vkruw0whup ghew udwlrv lqfuhdvhg
vxevwdqwldoo| dqg wkh pdwxulw| vwuxfwxuh ri lwv ghew vkruwhqhg vljqlfdqwo| +vhh Wdeoh 7,1
Lq 4<<:/ vkruw0whup oldelolwlhv zhuh dq lqvwljdwru ri wkh fulvlv dqg frxog kdugo| sod| wkh
uroh ri vdylru1 Nruhd kdg wr jhqhudwh d pdpprwk fxuuhqw dffrxqw vxusoxv ri 46 shufhqw ri
JGS lqvwhdg +frpsduhg wr d ghflw ri ;18 shufhqw lq 4<;3,1 Wkh fxuuhqf| ghsuhfldwlrq zdv
frpphqvxudwho| odujhu/ dv zdv wkh ghfolqh lq hfrqrplf jurzwk1
Wkh prudo ri wkh Nruhdq frpsdulvrq lv txlwh fohdu1 Uhjdugohvv ri ixqgdphqwdov/ d odujh
h{srvxuh wr vkruw0whup ghew lqwhqvlhv wkh frvwv ri d fulvlv ehfdxvh lw pdjqlhv wkh fxuuhqw0
dffrxqw dgmxvwphqw dqg fxuuhqf| ghsuhfldwlrq wkdw kdyh wr eh xqghuwdnhq1
4<716 Ghwhuplqdqwv ri wkh pdwxulw| vwuxfwxuh ri ghew
Lq 4<<:/ 8; shufhqw ri Xuxjxd|*v wrwdo iruhljq ghew +dffruglqj wr LLI vwdwlvwlfv, zdv vkruw0
whup1 Lq Prurffr/ phdqzkloh/ rqo| 6 shufhqw ri ghew zdv vkruw0whup1 Duh wkhuh v|vwhpdwlf
idfwruv wkdw dffrxqw iru wkh pdwxulw| vwuxfwxuh ri iruhljq ghew dfurvv frxqwulhv dv zhoo dv
ryhu wlph zlwklq frxqwulhvB
D sodxvleoh olvw ri srvvleoh ghwhuplqdqwv lqfoxghv wkh iroorzlqj1 Iluvw/ dv zh hpskdvl}h
lq wkh wkhruhwlfdo prgho lq vhfwlrq 6/ vkruw0whup ghew fdq kdyh d xvhixo uroh wr sod| lq
irvwhulqj h!flhqw qdqfldo lqwhuphgldwlrq dqg/ lqgluhfwo|/ lqyhvwphqw dqg jurzwk1 Iru
wklv dqg rwkhu +srwhqwldoo| ohvv ehqljq, uhdvrqv/ zh zrxog h{shfw erwk wkh ghpdqg dqg
vxsso| iru pdwxulw|0wudqvirupdwlrq vhuylfhv wr lqfuhdvh zlwk qdqfldo vrsklvwlfdwlrq1 Dv wkh
surgxfwlylw| ri dq hfrqrp| dqg lwv qdqfldo ghswk lqfuhdvh/ wkh udwlr ri vkruw0whup ghew
vkrxog wkhuhiruh lqfuhdvh/ fhwhulv sdulexv fuhglwv dqg rwkhu w|shv ri fuhglw wr lpsruwhuv duh
wudgh0uhodwhg1 Frqvhtxhqwo|/ wkh yroxph ri vkruw0whup ghew vkrxog dovr lqfuhdvh zlwk wkh
rshqqhvv ri dq hfrqrp|1 Wklug/ fruuxswlrq dqg furq|lvp lq wkh ghewru frxqwulhv/ jhqhudwlqj
h{shfwdwlrqv ri edlorxwv/ fdq uhvxow lq lqdghtxdwh lqwhuqdol}dwlrq ri wkh ulvnv ri vkruw0whup
eruurzlqj1 Khqfh/ zh pljkw h{shfw vkruw pdwxulwlhv wr eh dvvrfldwhg zlwk kljk ohyhov ri
fruuxswlrq1
Ilqdoo|/ jryhuqphqwv kdyh dw wkhlu glvsrvdo d zkroh udqjh ri qdqfldo dqg uhjxodwru|
srolflhv wkdw lq xhqfh wkh pdwxulw| vwuxfwxuh ri fdslwdo  rzv1 Riwhq/ uhjxodwru| srolflhv kdyh
wkh hhfw ri vwlpxodwlqj vkruw0whup fdslwdo  rzv1 Wkh Edvoh fdslwdo dghtxdf| vwdqgdugv/ iru
h{dpsoh/ hqfrxudjh vkruw0whup furvv0erughu ohqglqj wr qrq0RHFG hfrqrplhv e| dwwdfklqj
d orzhu ulvn zhljkw wr vkruw0whup ordqv wkdq wr orqj0whup ordqv1 Wkh Edqjnrn Lqwhuqdwlrqdo
Edqnlqj Idflolw| +ELEI, vhw xs e| wkh Wkdl jryhuqphqw lq hduo| 4<<6 zdv vshflfdoo| dlphg
dw dwwudfwlqj vkruw0whup ixqgv iurp deurdg1 Dqg wkh Nruhdq jryhuqphqw lv riwhq eodphg
iru kdylqj hqfrxudjhg vkruw0whup lq rzv e| pdnlqj orqjhu0whup lqyhvwphqwv lq Nruhd +vxfk
dv htxlw| lqyhvwphqw ru sxufkdvh ri jryhuqphqw erqgv, gl!fxow iru iruhljqhuv1 Rq wkh rwkhu
kdqg/ olplwv rq wkh vkruw0whup iruhljq oldelolwlhv ri grphvwlf edqnv/ ghsrvlw uhtxluhphqwv rq
fdslwdo lq rzv/ dqg uhvwulfwlrqv rq wkh vdoh ri vkruw0whup vhfxulwlhv wr iruhljqhuv duh h{dpsohv
ri wkh w|shv ri srolflhv wkdw fdq uhgxfh vkruw0whup fdslwdo lq rzv1 Zh zloo glvfxvv wkh Fklohdq
dqg Pdod|vldq h{dpsohv ehorz1
Wdeoh 8 suhvhqwv vrph hfrqrphwulf hylghqfh rq wkh ghwhuplqdqwv ri wkh pdwxulw| ri h{0
whuqdo ghew1 Wkh wdeoh vkrzv furvv0frxqwu| dqg sdqho uhjuhvvlrqv +zlwk {hg hhfwv, xvlqj
wkh vdpsoh ri 65 hphujlqj0pdunhw hfrqrplhv rq zklfk zh kdyh ehhq irfxvvlqj1 Wkh ghshq0
53ghqw yduldeoh lv wkh vkduh ri vkruw0whup ghew lq wrwdo ghew1 Wkh uhvxowv vxssruw vrph ri wkh
deryh k|srwkhvhv/ exw qrw doo1 Wkhuh lv lqghhg d frqvlvwhqw dqg urexvw uhodwlrqvkls ehwzhhq
shu0fdslwd lqfrph ohyhov dqg P52JGS udwlrv/ rq wkh rqh kdqg/ dqg vkruw pdwxulwlhv/ rq wkh
rwkhu1 Wklv uhodwlrqvkls krogv erwk dfurvv frxqwulhv dqg zlwklq frxqwulhv ryhu wlph1 Wkdw
lv/ dv hfrqrplhv jhw ulfkhu dqg qdqfldo pdunhwv ehfrph ghhshu +wkurxjk qdqfldo olehudo0
l}dwlrq ru rwkhu fkdqqhov,/ wkh h{whuqdo ghew suroh jhwv wlowhg wrzdugv vkruw0whup oldelolwlhv1
Zh qg dovr wkdw wkh ryhudoo ghew exughq +ghew2JGS udwlr, lv srvlwlyho| fruuhodwhg zlwk
vkruw0whup eruurzlqj lq wkh wlph0vhulhv +exw qrw lq wkh furvv0vhfwlrq,1 Rqh lqwhusuhwdwlrq
lv wkdw frxqwulhv wkdw jr rq d eruurzlqj elqjh duh irufhg wr vkruwhq wkh pdwxulw| ri wkhlu
h{whuqdo oldelolwlhv lq wkh vkruw uxq1
Wr jdxjh wkh hhfw ri fruuxswlrq zh xvh Wudqvsduhqf| Lqwhuqdwlrqdo*v lqgh{ ri fruuxs0
wlrq1 Zh qg wkdw wkh uhodwlrqvkls ehwzhhq ohyhov ri vkruw0whup eruurzlqj dqg fruuxswlrq lv
srvlwlyh/ exw qrw vwdwlvwlfdoo| vljqlfdqw +froxpq 6,1
Prvw vxusulvlqjo|/ zh qg qr uhodwlrqvkls ehwzhhq wudgh dqg vkruw0whup ghew1 Lq idfw/
wkh hvwlpdwhg frh!flhqw rq wkh lpsruwv2JGS udwlr lv qhjdwlyh/ vxjjhvwlqj wkdw li dq|wklqj
pruh rshq hfrqrplhv whqg wr gr ohvv vkruw0whup eruurzlqj1 Wklv lv sx}}olqj lq ylhz ri
wkh lghd wkdw vkruw0whup eruurzlqj lv gulyhq lq sduw e| wudgh fuhglwv1 Rqh srvvlelolw| lv
wkh iroorzlqj153 Vxssrvh wkdw pruh rshq hfrqrplhv whqg wr eh pruh fuhglwzruwk| +ehfdxvh
wkh| kdyh pruh wr orvh iurp ghidxowlqj rq wkhlu ghew dqg2ru fdq surylgh juhdwhu froodwhudo
wr wkhlu fuhglwruv,1 Wkh| zloo eh ohvv fuhglw0udwlrqhg lq wkh pdunhw iru orqj0whup qdqfh1
Khqfh/ wkh| zloo kdyh kljkhu udwlrv ri orqj0whup ghew wr JGS1 Hyhq li vxfk hfrqrplhv dovr
kdyh kljkhu ohyhov ri vkruw0whup ghew/ wkh qhw hhfw rq wkh pdwxulw| frpsrvlwlrq ri wkh ghew
zrxog vwloo eh dpeljxrxv1 Wkh hylghqfh surylghv sduwldo vxssruw iru wklv lqwhusuhwdwlrq1
Lq rxu vdpsoh/ lqfuhdvhv lq rshqqhvv +phdvxuhg e| lpsruw0JGS udwlrv, duh dvvrfldwhg lq
d vwdwlvwlfdoo| vljqlfdqw zd| zlwk kljkhu udwlrv ri orqj0whup ghew wr JGS/ exw qrw zlwk
kljkhu udwlrv ri vkruw0whup ghew wr JGS1 Wkh lqhvfdsdeoh frqfoxvlrq lv wkdw wkh ohyhov ri
vkruw0whup ghew wkdw zh revhuyh lq wkh uhdo zruog duh rqo| zhdno|/ li dw doo/ uhodwhg wr wudgh
 rzv1 Zkdwhyhu lw lv wkdw gulyhv vkruw0whup fdslwdo  rzv/ lw lv qrw lqwhuqdwlrqdo wudgh1
Wkh uhjuhvvlrqv lq Wdeoh 8 ohdyh d orw ri wkh yduldqfh lq wkh pdwxulw| frpsrvlwlrq ri
h{whuqdo ghew xqh{sodlqhg1 Rqh uhdvrq lv wkdw lw lv gl!fxow wr txdqwli| wkh p|uldg srolflhv
dqg uhjxodwlrqv wkdw gluhfwo| dhfw vkruw0whup fdslwdo  rzv154
53Zh wkdqn Ddurq Wruqhoo iru vxjjhvwlqj wklv srvvlelolw|1
54Vhh Prqwlho dqg Uhlqkduw +4<<:, iru dq h￿ruw wr gr vr1 Irfxvlqj rq fdslwdo  rzv ri gl￿huhqw w|shv lq d
vdpsoh ri 48 frxqwulhv/ wkhvh dxwkruv ￿qg wkdw fdslwdo frqwurov whqg wr uhgxfh wkh vkduh ri vkruw0whup  rzv
548 Frqfoxvlrqv dqg Lpsolfdwlrqv
Zh kdyh wr olyh zlwk qdqfldo pdunhwv wkdw duh surqh wr khuglqj/ sdqlfv/ frqwdjlrq/ dqg
errp0dqg0exvw f|fohv1 Wklv lv dv wuxh ri grphvwlf qdqfldo pdunhwvzkhuh wkh| fdq gr
pruh olplwhg gdpdjh dv lw lv ri lqwhuqdwlrqdo rqhv1 Wkh zruog kdv vhhq edqnlqj fulvhv lq
9< frxqwulhv vlqfh wkh odwh 4<:3v/ dqg ;: fxuuhqf| fulvhv vlqfh 4<:8155 Dqg wkh iuhtxhqf|
ri vxfk fulvhv kdv ulvhq vkduso| ryhu wkh odvw ghfdgh1 Diwhu wkh uhfhqw vhulhv ri phowgrzqv
lq Dvld/ Hdvwhuq Hxursh dqg Odwlq Dphulfd/ qr revhuyhu fdq eh vxusulvhg dw wkh dssduhqw
lqvwdelolw| ri qdqfldo pdunhwv1
Wkh ghedwh rq wkh fdxvhv ri wkhvh fudvkhv zloo xqgrxewhgo| jr rq iru d orqj wlph1 Edg
oxfn/ lq wkh irup ri h{rjhqrxv vkrfnv iurp deurdg dqg iurp prwkhu qdwxuh/ dqg edg srolf|/
lq wkh vkdsh ri srru uhjxodwlrq dqg lpsuxghqw pdfur srolflhv/ grxewohvvo| fduu| vrph ri wkh
eodph1 Exw wkdw fdqqrw eh wkh hqg ri wkh vwru|1 Wkh pdlq phvvdjh ri wklv sdshu lv wkdw
wkh srwhqwldo iru looltxlglw| zdv dw wkh fhqwhu ri uhfhqw fulvhv/ dqg wkdw vkruw0whup ghew lv d
fuxfldo lqjuhglhqw ri looltxlglw|1 Wkh hpslulfdo hylghqfh lv fohdu lq wkdw uhvshfw1
Lq wkh diwhupdwk ri wkh fulvhv/ wkh uhdfwlrq/ sduwlfxoduo| iurp pxowlodwhudo ohqghuv exw dovr
iurp Zdoo Vwuhhw/ kdv ehhq wr fdoo iru pruh suxghqw prqhwdu| dqg vfdo srolflhv/ dqg juhdwhu
vxshuylvlrq dqg wudqvsduhqf| lq orfdo qdqfldo pdunhwv1 Exw dssursuldwh pdfurhfrqrplf
srolflhv dqg qdqfldo vwdqgdugv fdq jr rqo| vr idu lq uhgxflqj wkh ulvnv1
Wkhuh lv olplwhg djuhhphqw rq zkdw pdfur srolflhv duh dssursuldwh lq wklv frqwh{w1
Dqdo|vwv ri wkh Dvldq hslvrghv/ iru lqvwdqfh/ vhhp wr eh hyhqo| glylghg ehwzhhq wkrvh zkr
wklqn wkdw frxqwulhv olnh Wkdlodqg dqg Lqgrqhvld khog rq wr {hg h{fkdqjh udwhv iru wrr orqj
dqg wkrvh zkr fodlp wkdw wkh ghihqvh ri wkh shj zdv lqvx!flhqwo| hufh1
Wkh fxuuhqw hpskdvlv rq vwuhqjwkhqlqj grphvwlf qdqfldo v|vwhpv dovr jorvvhv ryhu wkh
sudfwlfdo gl!fxowlhv1 Sxwwlqj lq sodfh dq dghtxdwh vhw ri suxghqwldo dqg uhjxodwru| frqwurov
wr suhyhqw prudo kd}dug dqg h{fhvvlyh ulvn0wdnlqj lq wkh grphvwlf edqnlqj v|vwhp lv d orw
hdvlhu vdlg wkdq grqh1 Hyhq wkh prvw dgydqfhg frxqwulhv idoo frqvlghudeo| vkruw ri wkh lghdo/
dv wkhlu edqn uhjxodwruv zloo uhdglo| whoo |rx1 Lqghhg/ edqnlqj fulvhv kdyh uhfhqwo| wdnhq
sodfh lq frxqwulhv dv zhoo r dv Vzhghq dqg Mdsdq1 Wkh froodsvh ri Orqj Whup Fdslwdo lq
zkloh vwhulol}hg lqwhuyhqwlrq lqfuhdvhv lw1
55Wkh edqn fulvhv qxpehu frphv iurp Fdsulr dqg Nolqjhelho +4<<9,1 D edqnlqj fulvlv rffxuv/ lq wkhlu
gh￿qlwlrq/ zkhq wkh edqnlqj v|vwhp kdv }hur ru qhjdwlyh qhz zruwk1 Wkh ￿jxuh h{foxghv wudqvlwlrq hfrqrplhv
zklfk/ e| wkhlu hvwlpdwh/ zrxog dgg dw ohdvw 53 fulvhv lq wkh shulrg1 Wkh fxuuhqf| fulvlv ￿jxuh lv iurp Iudqnho
dqg Urvh +4<<9,/ zkr gh￿qh vxfk d fulvlv dv d |hdu lq zklfk wkh fxuuhqf| ghsuhfldwhv e| pruh wkdq 58 shufhqw/
dqg wklv ghsuhfldwlrq lv dw ohdvw 43 shufhqwdjh srlqwv odujhu wkdq wkh suhylrxv |hdu*v1
55wkh vxpphu ri 4<<; uhyhdohg d jdslqj kroh lq wkh uhjxodwru| duudqjhphqwv ri X1V1 qdqfldo
pdunhwv1 Li wklv kdsshqv dw wkh khduw ri wkh RHFG/ rqh fdq lpdjlqh wkh vfdoh ri sureohpv
idflqj edqn uhjxodwruv lq Hfxdgru/ Lqgld ru Wxunh|1
Wkh prudo ri wkh vwru|/ wkhq/ lv wkdw qdqfldo fulvhv duh dv gl!fxow wr dyrlg dv wkh|
duh wr xqghuvwdqg1 Wkhuh lv qr pdjlf { wkdw zloo pdnh wkhp jr dzd|1 Rxu lqfrpsohwh
xqghuvwdqglqj ri krz qdqfldo pdunhwv zrun/ dorqj zlwk fkdqjlqj idgv dqg glvdjuhhphqwv
rq zkdw frqvwlwxwhv vrxqg hfrqrplf srolf| lq ghyhorslqj hfrqrplhv/ vxjjhvw fdxwlrq lq
dwwhpswlqj wr lpsrvh d rqh0vl}h0wv0doo uhflsh rq eruurzlqj frxqwulhv +Urguln 4<<<,1 D
sudjpdwlf dqg  h{leoh dssurdfk wkdw zrunv rq vhyhudo iurqwv dw rqfh pd| eh wkh pruh suxghqw
vwudwhj|1 Dqg rqh ri wkrvh iurqwv/ xqgrxewhgo|/ lv lqfuhdvlqj oltxlglw| dqg glvfrxudjlqj vkruw
whup ghew1
814 Fulvlv suhyhqwlrq
Rqh reylrxv/ li qrw yhu| xvhixo/ dqvzhu lv wr uhtxluh qdqfldo v|vwhpv wr eh dozd|v oltxlg1
Exw oltxlglw| lv frvwo| wr pdlqwdlq/ dqg frxqwulhv dwwhpswlqj wr suhyhqw fulvhv idfh vrph
xqsohdvdqw wudgh0rv1 Fkdqj dqg Yhodvfr +4<<<e, dqg Ihogvwhlq +4<<<, glvfxvv vrph ri
wkh rswlrqv1 Rq wkh dvvhw vlgh/ xvlqj vfdo srolf| wr exlog d zdu fkhvw/ dqg vhfxulqj
frqwlqjhqw fuhglw olqhv deurdg erwk wr eh xvhg lq wlphv ri wurxeoh duh xvhixo exw qrw
zlwkrxw sureohpv1 Rq wkh oldelolw| vlgh/ lqfuhdvlqj uhtxluhg iruhljq0fxuuhqf| uhvhuyhv rq
edqnv* oltxlg oldelolwlhv +shukdsv pdnlqj wkh vl}h ri wkh uhtxluhphqw dq lqyhuvh ixqfwlrq ri
pdwxulw|, fdq khos glvfrxudjh vkruw whup edqn ghew1 Ohqjwkhqlqj wkh dyhudjh pdwxulw| ri
sxeolf ghew/ dv Ph{lfr glg diwhu wkh 4<<8 whtxlod fulvlv/ lv dovr fuxfldo wr suhyhqw looltxlglw|1
Lq dgglwlrq/ dfurvv0wkh0erdug glvlqfhqwlyhv wr vkruw0whup iruhljq eruurzlqj/ vxfk dv wkrvh
xvhg e| Fkloh/ Frorpeld dqg Pdod|vld dprqj pdq| rwkhuv/ pd| khos dyhuw looltxlglw|1 Wkh
srwhqwldo uroh ri vxfk glvlqfhqwlyhv lq suhyhqwlqj d srvvleoh oltxlglw| fulvlv vkrxog eh fohdu
iurp rxu hduolhu wkhruhwlfdo dqdo|vlv1 Wkuhh remhfwlrqv duh riwhq udlvhg djdlqvw vxfk frqwurov=
wkdw wkh| duh lqhhfwlyh/ frvwo|/ dqg wkdw wkh| idlo wr surwhfw dq hfrqrp| iurp sdqlf e| doo
uhohydqw sod|huv1 Zh eulh | glvfxvv hdfk lq wxuq1
Lqhhfwlyhqhvv= Dq| fodlp derxw wkh lqhhfwlyhqhvv ri fdslwdo frqwurov pxvw eh whpshuhg e|
wkh revhuydwlrq wkdw vxfk srolflhv duh yhkhphqwo| rssrvhg e| wkh yhu| pdunhwv sduwlflsdqwv
zkrvh dfwlrqv wkh frqwurov duh vxssrvhg wr lq xhqfh1 Shukdsv edqnhuv dqg duelwudjhxuv
ghqrxqfh wkh wd{hv dqg fhlolqjv wkh| fdq suhvxpdeo| dyrlg zlwk wkh vwurnh ri d nh| rxw ri
vlpsoh sxeolf0plqghgqhvv/ ru ehfdxvh ri d ghhs0vhdwhg uhoxfwdqfh wr euhdn wkh odz1 Zh gr
56qrw fodlp wr nqrz1
Ixuwkhupruh/ wkhuh lv dq reylrxv whqvlrq ehwzhhq hpskdvl}lqj/ rq wkh rqh kdqg/ lp0
suryhg suxghqwldo uhjxodwlrq dqg wudqvsduhqf| dv dq lpsruwdqw sduw ri wkh vroxwlrq/ dqg
pdlqwdlqlqj/ rq wkh rwkhu/ wkdw fdslwdo frqwurov fdqqrw zrun ehfdxvh wkh| fdq eh hdvlo|
hydghg wkurxjk fruuxswlrq/ qdqfldo hqjlqhhulqj ru rwkhu phfkdqlvpv1 Li qdqfldo pdunhwv
fdq hydgh frqwurov ri wkh odwwhu nlqg/ wkh| fdq vxuho| hydgh frqwurov ri wkh iruphu nlqg dv zhoo1
Uhjxodwru| lqhhfwlyhqhvv pd| xqghufxw wkh dujxphqw iru fdslwdo frqwurov/ exw lw xqghufxwv
hyhq pruh vhulrxvo| wkh hpskdvlv rq qdqfldo vwdqgdugv wkdw shuydghv wkh J:*v dssurdfk wr
wkh lqwhuqdwlrqdo qdqfldo dufklwhfwxuh1
Lq dq| fdvh/ wkhuh lv jurzlqj hylghqfh wkdw frqwurov fdq eh lqghhg hhfwlyh1 Zh looxvwudwh
wklv e| gudzlqj rq wkh h{shulhqfhv ri wzr frxqwulhvFkloh dqg Pdod|vldwkdw dw vrph srlqw
vxffhvvixoo| pdqdjhg vkruw0whup fdslwdo lq rzv1
Fkloh*v fdslwdo0dffrxqw uhjlph dsshduv wr uhsuhvhqw d fdqrqlfdo fdvh ri vxffhvvixo ihqglqj0
r ri vkruw0whup fdslwdo  rzv/ dqg iru wkdw uhdvrq kdv ehhq vwxglhg h{whqvlyho|156 Lq Mxqh
4<<4/ wkh Fklohdq dxwkrulwlhv lpsrvhg d qrq0lqwhuhvw ehdulqj uhvhuyh uhtxluhphqw ri 53 shu0
fhqw rq doo h{whuqdo fuhglwv1 Htxlw| lqyhvwphqwv zhuh h{hpsw1 Wkh uhvhuyhv kdg wr eh khog
dw wkh Fhqwudo Edqn iru d plqlpxp ri <3 gd|v dqg d pd{lpxp ri rqh |hdu1 Dv dq dowhuqd0
wlyh wr wkh uhvhuyh uhtxluhphqw/ phglxp0whup fuhglwruv zhuh doorzhg wr pdnh d sd|phqw wr
wkh Fhqwudo Edqn htxlydohqw wr wkh qdqfldo frvw ri wkh uhvhuyh uhtxluhphqw1 Lq Pd| 4<<5/
wkh uhvhuyh uhtxluhphqw zdv udlvhg wr 63 shufhqw dqg h{whqghg wr wlph ghsrvlwv lq iruhljq
fxuuhqf| dqg wr Fklohdq vwrfn sxufkdvhv e| iruhljqhuv1 Lq dgglwlrq/ wkh ghsrvlw shulrg zdv
ohqjwkhqhg wr rqh |hdu +vhh Djrvlq dqg Iiuhqfk0Gdylv 4<<;,1 Wkh dxwkrulwlhv hyhqwxdoo|
ehjdq wr forvho| prqlwru GIL  rzv wr hqvxuh wkdw vkruw0whup  rzv zhuh qrw glvjxlvhg dv
htxlw| lqyhvwphqwv1 Lq 4<<;/ idfhg zlwk fdslwdo rxw rzv/ Fkloh uhod{hg dqg hyhqwxdoo| vhw
wkh uhtxluhg uhvhuyh wr }hur1 Zkloh lw zdv lq irufh/ wkh uhvhuyh uhtxluhphqw kdg wkh hhfw ri
fuhdwlqj d vhyhuh glvlqfhqwlyh iru vkruw0whup fdslwdo lq rzv1 Dw d OLERU ri 8 shufhqw/ iru
h{dpsoh/ wkh dqqxdol}hg frvw ri wkh srolflhv lq sodfh zdv 61< shufhqw rq d rqh0|hdu ordq/ exw
4413 shufhqw rq d wkuhh0prqwk ordq +Djrvlq dqg Iiuhqfk0Gdylv 4<<;/ Wdeoh 6,1
Wkh gdwd rq wkh frpsrvlwlrq ri Fkloh*v h{whuqdo ghew vxjjhvwv txlwh vwurqjo| wkdw wkh
srolflhv kdg wkh lqwhqghg hhfw1 Wkh wrs sdqho ri Iljxuh 8 vkrzv wkh vkduh ri vkruw0whup
ghew lq wrwdo iru Fkloh1 Zh qrwh d vkdus gls lq 4<<4/ wkh |hdu wkdw wkh ghsrvlw uhtxluh0
phqw zdv uvw lpsrvhg1 Wkh udwlr erxqfhv edfn lq 4<<5/ exw iroorzlqj wkh wljkwhqlqj ri
56Vhh/ iru lqvwdqfh/ Ydoghv Sulhwr dqg Vrwr 4<<9> Oduudlq/ Odedq dqg Fkxpdfhur 4<<:> Exgqhylfk dqg
Ohiruw 4<<:> Djrvlq dqg Iiuhqfk0Gdylv 4<<;> dqg Hgzdugv 4<<;1
57wkh uhvhuyh uhtxluhphqw/ lw vwhdglo| idoov wkurxjkrxw 4<<504<<:1 E| 4<<:/ vkruw0whup ghew
frqvwlwxwhg rqo| :19 shufhqw ri wrwdo ghew1 Wklv lqirupdo frqfoxvlrq lv frquphg e| pruh
v|vwhpdwlf hylghqfh lq d qxpehu ri sdshuv1 Ydoghv0Sulhwr dqg Vrwr +4<<9,/ Oduudlq/ Odedq
dqg Fkxpdfhur +4<<:,/ Exgqhylfk dqg Ohiruw +4<<:,/ dqg Prqwlho dqg Uhlqkduw +4<<:, doo
qg wkdw wkh uhvwulfwlrqv kdyh dhfwhg wkh pdwxulw| frpsrvlwlrq ri  rzv/ wkrxjk qrw wkhlu
ryhudoo yroxph ru wkh frxuvh ri wkh uhdo h{fkdqjh udwh1
W k hf d v hr iP d o d | v l dl q4 < < 7l vo h v vz h o on q r z q 1W k hf r x q w u |l vq r w r u l r x v+ l qv r p hf l u 0
fohv, iru wkh vzhhslqj fxuuhqf| dqg fdslwdo rxw rz frqwurov wkdw lwv jryhuqphqw lpsrvhg rq
rxw rzv rq Vhswhpehu 4vw/ 4<<;1 Lw lv wrr hduo| wr hydoxdwh wkh frqvhtxhqfhv ri wkhvh uhfhqw
frqwurov lq ixoo/ exw zh gr kdyh vrph hylghqfh rq d vhw ri whpsrudu| frqwurov wkdw zhuh lp0
sohphqwhg vrph |hduv hduolhu lq 4<<71 Lq Mdqxdu| 4<<7/ wkh Pdod|vldq jryhuqphqw lpsrvhg
d surklelwlrq rq wkh vdoh wr qrq0uhvlghqwv ri d zlgh udqjh ri vkruw0whup vhfxulwlhv +lqfoxglqj
edqnhu*v dffhswdqfhv/ qhjrwldeoh lqvwuxphqwv ri ghsrvlw/ Edqn Qhjdud eloov/ wuhdvxu| eloov
ru rwkhu jryhuqphqw vhfxulwlhv zlwk d uhpdlqlqj pdwxulw| ri rqh |hdu ru ohvv,1 Wkhvh uh0
vwulfwlrqv zhuh zlghqhg lq Iheuxdu| +wr fryhu vzds wudqvdfwlrqv lq wkh fxuuhqf| pdunhw,/
dqg frpsohphqwhg e| dq lqwhuhvw fkdujh rq vkruw0whup ghsrvlw dffrxqwv sodfhg lq grphvwlf
frpphufldo edqnv e| iruhljqhuv1 Wkh uhvwulfwlrqv ehjdq wr eh oliwhg lq Dxjxvw 4<<7/ dqg
zhuh odujho| holplqdwhg e| wkh hqg ri wkh |hdu1
Wkh edfnjurxqg wr wkhvh uhvwulfwlrqv zdv wkdw wkhuh kdg ehhq d kxjh vxujh ri vkruw0
whup vshfxodwlyh fdslwdo lq rzv lq odwh 4<<6 iroorzlqj d vxusulvh 9 shufhqw ghsuhfldwlrq ri
wkh ulqjjlw1 Khgjh ixqgv dqg rwkhuv h{shfwlqj d txlfn uhfryhu| lq wkh fxuuhqf|  rrghg wkh
Pdod|vldq pdunhw1 Dv wkh erwwrp sdqho lq Iljxuh 8 vkrzv/ wkh uhvxow zdv d vkdus lqfuhdvh
lq vkruw0whup oldelolwlhv/ zklfk uhdfkhg d shdn ri 6: shufhqw ri wrwdo ghew dw wkh hqg ri
4<<61 Wkh jxuh dovr uhyhdov wkdw wkh uhvwulfwlrqv lpsrvhg dw wkh ehjlqqlqj ri 4<<7 zhuh
uhpdundeo| hhfwlyh1 +Vr hhfwlyh lq idfw wkdw wkh frorvvdo wxuqdurxqg lq vkruw0whup fdslwdo
 rzv lq 4<<7 ohg xv deryh wr fodvvli| Pdod|vld lq 4<<7 dv d fdvh ri fulvlv1, Wkh udwlr ri
vkruw0whup ghew lq wkh wrwdo ihoo vkduso| wr 59 shufhqw lq 4<<7 dqg wr 56 shufhqw lq 4<<8/
ehjlqqlqj wr uhfryhu rqo| lq 4<<91 Wkh ryhudoo ghew exughq ihoo dv zhoo/ iurp 8< shufhqw ri
JGS lq 4<<6 wr 74 shufhqw lq 4<<81
Dv zh nqrz wrr zhoo e| qrz/ wkhvh srolflhv glg qrw suhyhqw Pdod|vld iurp jhwwlqj lqwr
vhulrxv wurxeoh d ihz |hduv odwhu1 Rqh srvvleoh h{sodqdwlrq lv wkdw wkh frqwurov zhuh oliwhg
wrr vrrq= Iljxuh 5 uhyhdov wkdw wkh VW ghew0wr0uhvhuyhv udwlr urvh ehwzhhq 4<<7 dqg 4<<:/
dqg Iljxuh 8 uhyhdov wkdw wkh vdph kdsshqhg wr wkh vkduh ri VW ghew lq wrwdo ghew1
Wkh fdvhv ri Fkloh dqg Pdod|vld looxvwudwh wkh lpsruwdqfh ri wkh srolf| uhjlph lq lq x0
58hqflqj wkh pdwxulw| vwuxfwxuh ri iruhljq ghew1 Exw srolf| lv qrw doo0srzhuixo1 Rqh frqvwudlqw
frphv iurp wkh jurzlqj uroh ri ghulydwlyhv lq lqwhuqdwlrqdo fdslwdo  rzv1 Dv Jduehu +4<<;,
kdv vwuhvvhg/ ghulydwlyhv fdq khos flufxpyhqw frqwurov dqg wkh| uhqghu lqwhusuhwdwlrq ri vwdq0
gdug edodqfh ri sd|phqwv fdwhjrulhv sureohpdwlf1 Exw lw lv qrw fohdu wkdw ghulydwlyhv fdq
dozd|v xqgr wkh lqwhqghg hhfwv ri srolf|1 Dv Jduehu zulwhv= Pdunhw vrxufhv 111 uhsruw
vhulrxv/ wkrxjk dv |hw xqvxffhvvixo/ qdqfldo hqjlqhhulqj uhvhdufk hruwv wr fudfn gluhfwo|
wkh Fklohdq wd{ rq fdslwdo lpsruwv lq wkh irup ri dq xqfrpshqvdwhg ghsrvlw uhtxluhphqw1
Frvwolqhvv= Zkdw derxw wkh frvwv suhvxpdeo| lqyroyhgB Lq wkhru|/ fdslwdo frqwurov suhyhqw
ulvn0vsuhdglqj wkurxjk joredo glyhuvlfdwlrq ri sruwirolrv1 Wkh| uhvxow lq dq lqh!flhqw joredo
doorfdwlrq ri fdslwdo1 Dqg wkh| hqfrxudjh luuhvsrqvleoh pdfurhfrqrplf srolflhv dw krph1 Lv
wkhuh hylghqfh wr vxssruw vxfk suhvxpswlrqvB
Wklv lvvxh zdv h{dplqhg v|vwhpdwlfdoo| lq Urguln +4<<;,/ e| uhodwlqj fdslwdo dffrxqw ole0
hudol}dwlrq wr wkuhh lqglfdwruv ri hfrqrplf shuirupdqfh= shu0fdslwd JGS jurzwk/ lqyhvwphqw
+dv d vkduh ri JGS,/ dqg lq dwlrq1 Wkh lqglfdwru ri fdslwdo dffrxqw olehudol}dwlrq xvhg zdv
wkh sursruwlrq ri |hduv iru zklfk wkh fdslwdo dffrxqw zdv iuhh ri uhvwulfwlrqv +dffruglqj wr
LPI fodvvlfdwlrqv,1 Wkh h{huflvh fryhuhg d srvw04<:8 vdpsoh ri durxqg 433 frxqwulhv1 Wkh
vwxg| irxqg qr hylghqfh wkdw frxqwulhv zlwkrxw fdslwdo frqwurov kdyh jurzq idvwhu/ lqyhvwhg
pruh/ ru h{shulhqfhg orzhu lq dwlrq157
Ixuwkhupruh/ vshflf hslvrghv ri fdslwdo frqwurov gr qrw uhyhdo vljqlfdqw uhdo frvwv hlwkhu1
Fkloh lv d vxffhvv fdvh ri wkh 4<<3v/ lq qr vpdoo sduw ehfdxvh lw kdv pdqdjhg wr dyrlg wkh
gh0vwdelol}lqj lq xhqfh ri vkruw0whup fdslwdo  rzv1 Hyhq lq Pdod|vld/ zkhuh wkh lpsrvlwlrq
ri uhvwulfwlrqv lq Mdqxdu| 4<<7 uhvxowhg lq d pdvvlyh wxuqdurxqg lq fdslwdo  rzv/ jurzwk zdv
xqdhfwhg +lq idfw/ wkh Pdod|vldq hfrqrp| juhz idvwhu lq 4<<7 dqg 4<<8 wkdq lq 4<<6,1
Rwkhu fodlpdqwv= Wkh rwkhu yhu| lpsruwdqw fdyhdw lv wkdw iruhljqhuv duh qrw wkh rqo| vkruw0
whup fuhglwruv1 Khqfh/ lpsrvlqj frqwurov dqg uhgxflqj h{whuqdo vkruw whup ghew lv qhlwkhu d
qhfhvvdu| qru d vx!flhqw frqglwlrq iru uxolqj rxw fulvhv1 Dv Nuxjpdq +4<<<, kdv vwuhvvhg/
lq rz frqwurov vwloo ohdyh doo kroghuv ri grphvwlf fodlpv rq wkh frpphufldo dqg fhqwudo edqnv
uhdg| wr uxq1 Wkhuh lv rqh lpsruwdqw glvwlqfwlrq/ krzhyhu/ ehwzhhq wklv w|sh ri fdslwdo  ljkw
dqg wkh uhyhuvdo ri vkruw0whup h{whuqdo  rzv1 Jryhuqphqwv duh doorzhg xqghu wkh h{lvwlqj
uxohv ri wkh LPI +Duw1 YL, wr forvh wkh iruhljq0h{fkdqjh zlqgrz vr dv wr suhyhqw fdslwdo
57Srolf| fkrlfhv uhjduglqj wkh fdslwdo dffrxqw duh hqgrjhqrxv/ vr wkhuh lv d srwhqwldo iru uhyhuvh fdxvdwlrq1
Exw wr wkh h{whqw wkdw wklv lv d sureohp/ lw eldvhv wkh uhvxowv lq wkh gluhfwlrq ri ￿qglqj d srvlwlyh uhodwlrqvkls
ehwzhhq rshq fdslwdo dffrxqwv dqg jrrg shuirupdqfh= frxqwulhv duh pruh olnho| wr uhpryh fdslwdo frqwurov
zkhq wkhlu hfrqrplhv duh grlqj zhoo1
59rxw rzv e| grphvwlf uhvlghqwv1 Khqfh d uxq rq d frxqwu|*v grphvwlf vkruw0whup oldelolwlhv
fdq lq sulqflsoh eh suhyhqwhg e| ohjdo phdqv1 Exw uhixvdo wr sd| edfn vkruw0whup iruhljq
ghew zrxog deurjdwh h{lvwlqj ghew frqwudfwv dqg zrxog sxw wkh frxqwu| lqwr ghidxow1 Lq dq|
fdvh/ zh ylhz wklv dujxphqw qrw dv rqh djdlqvw fdslwdo frqwurov shu vh/ exw udwkhu dv d sohd
wr frpsohphqw wkhp zlwk rwkhu srolflhv1 Edqn uhjxodwlrq dqg wkh h{fkdqjh udwh uhjlph duh
fhqwudo lq wklv uhjdug1 Djdlq/ Fkdqj dqg Yhodvfr +4<<<e, dqg Ihogvwhlq +4<<<, dqdo|}h wkh
dydlodeoh rswlrqv1
815 Fulvlv pdqdjhphqw
Wkh suhvhqfh ri vkruw0whup ghew pdnhv d frruglqdwlrq idloxuh dprqj ohqghuv srvvleoh1 Khqfh/
d pdlq wdvn ri fulvlv pdqdjhphqw lv wr dwwhpsw wr frruglqdwh wkhlu ehkdylru rq wkh jrrg
rxwfrph1 Lq wkh prgho suhvhqwhg deryh/ wkh nh| lv wr dyrlg wkh uhdo frvwv +oltxlgdwlrq dqg
rwkhuv, lpsrvhg e| hduo| uhsd|phqw1 Khqfh/ d vlpsoh vxvshqvlrq ri sd|phqwv wkdw suhvhuyhv
wkh suhvhqw ydoxh ri wkh fuhglwruv* fodlpv pdnhv hyhu|rqh ehwwhu r1 Lq sudfwlfh/ ri frxuvh/
ohqghuv duh zdu| ri vxfk uhvsrqvhv1 Iurp Qhz \run ru Orqgrq lw lv kdug wr glvwlqjxlvk wkh
sd|phqwv prudwruld wkdw duh mxvwlhg e| oltxlglw| frqvlghudwlrqv iurp wkrvh wkdw duh wklqo|
yhlohg dwwhpswv dw ghidxow1 Zkhq lq grxew/ ohqghuv duh olnho| wr vxvshfw wkh odwwhu1 Wkhuh lv
dovr wkh orjlvwlfdo sureohp ri frruglqdwlqj wkh dfwlrqv ri pdq| erqg0kroghuv1
Sd|phqwv uhsurjudpplqjv wkdw duh dffrpsdqlhg e| vhulrxv pdfurhfrqrplf srolflhv dqg
vljqdov ri fuhglwzruwklqhvv +vxfk dv vfdo uhwuhqfkphqw, pd| suryh pruh sdodwdeoh wr fuhg0
lwruv1 Lq Nruhd/ iru lqvwdqfh/ Dphulfdq/ Hxurshdq dqg Mdsdqhvh edqnv mrlqwo| djuhhg lq
Ghfhpehu 4<<: wr dq rughuo| urooryhu ri h{lvwlqj vkruw0whup ordqv1 Pdmru fuhglwru frxqwulhv
khoshg e| dqwlflsdwlqj wkh glvexuvhphqw ri d iudfwlrq ri wkh edlorxw sdfndjh wkh LPI kdg
mxvw dssuryhg1 Wkrvh wzr phdvxuhv hhfwlyho| hqghg wkh qdqfldo sdqlf wkdw kdg julsshg
Nruhd iru vhyhudo prqwkv158
Pxowlodwhudo ohqghuv fdq dovr khos1 Mxvw dv diwhu dssursuldwh vxuyhloodqfh dqg frqglwlrqdo0
lw| wkh| sodfh wkhlu vhdo ri dssurydo rq frxqwulhv wkdw iroorz vrxqg pdfurhfrqrplf srolflhv/
rqh frxog hqylvdjh LILv sxeolfo| hqgruvlqj whpsrudu| sd|phqwv vxvshqvlrqv ru uhvfkhgxolqjv
lq vlwxdwlrqv zkhuh wkhvh duh mxvwlhg1 Vxfk dq hqgruvhphqw frxog ryhufrph wkh shufhswlrq ri
loohjlwlpdf| wkdw vxuurxqgv fkdqjhv lq ghew uhsd|phqw whupv/ krzhyhu mxvwlhg1 Pxowlodwhudo
58Wklv ghvfulswlrq iroorzv Fruvhwwl/ Urxelql dqg Shvhqwl +4<<;e,1 Wkhvh dxwkruv dovr qrwh wkdw wkh
uhvfkhgxolqj ri ordqv zdv d pxfk pruh gdxqwlqj wdvn lq Lqgrqhvld/ zkhuh wkhuh zhuh odujh qxpehuv erwk rq
wkh ohqghuv* dqg eruurzhuv* vlghv1
5:ohqghuv frxog dovr ohqg lqwr duuhduv zkhq dssursuldwh lq rughu wr vwuhqjwkhq frqghqfh lq
wkh eruurzhu*v survshfwv1 Wkh| frxog dovr hqfrxudjh wkh dgrswlrq ri fodxvhv lq lqwhuqdwlrqdo
erqg fryhqdqwv wkdw idflolwdwh qhjrwldwlrqv ehwzhhq ghewruv dqg fuhglwruv hyhq zkhq ghew
vhuylfh lv vxvshqghg1 Dv Nhqhq +4<<<, srlqwv rxw/ vxfk sursrvdov zhuh hqgruvhg e| wkh J043
edfn lq 4<<8/ exw kdyh |hw wr eh lpsohphqwhg lq ixoo1
Hqfrxudjlqj rwkhu nlqgv ri fdslwdo  rzv pd| dovr eh xvhixo lq wlphv ri wurxeoh1 Lq wkh
prgho deryh/ d jrrg sduw ri wkh sureohp frphv iurp wkh orfdo lqyhvwru*v lqdelolw| wr vhoo
udwkhu wkdq oltxlgdwh lwv looltxlg dvvhwv lq wkh hyhqw ri d vtxhh}h1 Wkdw dvvxpswlrq lv uhdolvwlf
lqvridu dv/ lq d fulvlv vlwxdwlrq/ wkhuh duh ihz grphvwlf djhqwv zlwk wkh fdvk lq kdqg wr ex|
wkh uhdo fdslwdo1 Exw iruhljqhuv duh lq d glhuhqw srvlwlrq1 Lq sulqflsoh/ hyhu|rqh frxog
eh ehwwhu r li oltxlgdwlrq frxog eh dyrlghg wkurxjk iruhljq gluhfw lqyhvwphqw hyhq li wkh
s u l f hl vw k d wr id u hv d o h /e h o r zw k hs u h v h q wy d o x hr if d s l w d o * vu h d o| l h o gl qw k hi x w x u h 1 5 9
Wkhuhiruh/ IGL frxog eh xvhixo iru wkhvh sxusrvhv1 Ghew0htxlw| vzdsv lqyroylqj iruhljq
fuhglwruv sod|hg dq lpsruwdqw uroh lq wkh uhvroxwlrq ri wkh 4<;3v ghew fulvlv/ dqg frxog eh
xvhixo djdlq lq wkh fxuuhqw frqwh{w dv sduw ri d eurdghu vwudwhj| wkdw lqfoxghv wkh hohphqwv
glvfxvvhg deryh1 Dw wkh vdph wlph/ d vhulhv ri qdqfldo fulvhv wkdw ehfrph wkh rffdvlrq
iru wkh vdoh ri qdwlrqdo dvvhwv wr iruhljqhuv dw edujdlq0edvhphqw sulfhv fdq eh ylhzhg dv
sureohpdwlf iurp wkh vwdqgsrlqw ri wkh eruurzhuv1
59Lq wkh prgho deryh/ ehfdxvh wkh zruog udwh ri lqwhuhvw lv }hur dqg rqh xqlw ri khdowk| fdslwdo |lhogv U
xqlwv ri wkh wudghdeoh jrrg lq shulrg 5/ wkh ￿ixqgdphqwdo￿sulfh ri fdslwdo lq shulrg 4 lv U1 Exw dq| sulfh
vpdoohu wkdq U dqg eljjhu wkdq ￿ pdnhv wkh eruurzhu ehwwhu r￿ +uhodwlyh wr oltxlgdwlrq,/ zkloh jlylqj wkh
iruhljq lqyhvwru dq deqrupdoo| kljk udwh ri uhwxuq1
5;Uhihuhqfhv
^4` Djkhyol/ Elmdq/ dqg Mrujh Pdutxh}0Uxduwh1 4<;81 D Fdvh ri Vxffhvvixo Dgmxvwphqw=
Nruhd*v H{shulhqfh Gxulqj 4<;30;71 Rffdvlrqdo Sdshu 6<1 Zdvklqjwrq GF= Lqwhuqd0
wlrqdo Prqhwdu| Ixqg1
^5` Djrvlq/ Pdqxho U1/ dqg Ulfdugr Iiuhqfk0Gdylv1 4<<;1 Pdqdjlqj Fdslwdo Lq rzv lq
Fkloh1 Sdshu suhsduhg iru XQX2ZLGHU surmhfw rq Vkruw0Whup Fdslwdo Pryhphqwv
dqg Edodqfh ri Sd|phqwv Fulvhv1 Vxvvh{/ Pd| 405/ 4<<:1
^6` Exgqhylfk/ Fduorv dqg Jxloohpr Oh Iruw1 4<<91 Fdslwdo Dffrxqw Uhjxodwlrqv dqg
Pdfurhfrqrplf Srolf|= Wzr Odwlq Dphulfdq H{shulhqfhv/ Zrunlqj Sdshu Qr1 9/ Edqfr
Fhqwudo gh Fkloh1
^7` Fdoyr/ Jxloohupr1 4<<81 Ydulhwlhv ri Fdslwdo Pdunhw Fulvhv1 Zrunlqj Sdshu 48/ Fhqwhu
iru Lqwhuqdwlrqdo Hfrqrplfv/ Xqlyhuvlw| ri Pdu|odqg1
^8` Fäughqdv/ P1 dqg I1 Eduuhud 4<<:1 Rq wkh Hhfwlyhqhvv ri Fdslwdo Frqwurov= Wkh
H{shulhqfh ri Frorpeld gxulqj wkh 4<<3v/ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv 87+4,/
ss1 5:08:1
^9` Fkdqj/ Urehuwr dqg Dqguìv Yhodvfr1 4<<;1 Ilqdqfldo Fulvhv lq Hphujlqj Pdunhwv= D
Fdqrqlfdo Prgho QEHU Zrunlqj Sdshu Qr1 9939/ Mxqh1
^:` Fkdqj/ Urehuwr dqg Dqguìv Yhodvfr1 4<<<d1 Edqnv/ Ghew Pdwxulw|/ dqg Ilqdqfldo
Fulvhv/ xqsxeolvkhg pdqxvfulsw/ Ihghudo Uhvhuyh Edqn ri Dwodqwd dqg Q\X1
^;` Fkdqj/ Urehuwr dqg Dqguìv Yhodvfr1 4<<<e1 Looltxlglw| dqg Fulvhv lq Hphujlqj Pdu0
nhwv= Wkhru| dqg Srolf|1 Sdshu suhsduhg iru wkh 4<<< QEHU Pdfurhfrqrplfv Dqqxdo/
Fdpeulgjh/ Pdvv1
^<` Kdurog O1 Froh/ Wlprwk| M1 Nhkrh1 4<<91 D vhoi0ixooolqj prgho ri Ph{lfr*v 4<<74<<8
ghew fulvlv1 Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv +74, 607/ ss1 63<0663
^43` Fruvhwwl/ Jldqfduor/ Sdror Shvhqwl dqg Qrxulho Urxelql1 4<<;d1 Zkdw Fdxvhg wkh Dvldq
Fxuuhqf| dqg Ilqdqfldo FulvhvB Sduw L= Wkh Pdfurhfrqrplf Ryhuylhz QEHU Zrunlqj
Sdshu 9;66/ Ghfhpehu1
5<^44` Fruvhwwl/ Jldqfduor/ Sdror Shvhqwl dqg Qrxulho Urxelql1 4<<;e1 Zkdw Fdxvhg wkh Dvldq
Fxuuhqf| dqg Ilqdqfldo FulvhvB Sduw LL= Wkh Srolf| Ghedwh QEHU Zrunlqj Sdshu
9;67/ Ghfhpehu1
^45` Hgzdugv/ Vhedvwldq1 4<<;1Fdslwdo Iorzv/ Uhdo H{fkdqjh Udwhv dqg Fdslwdo Frqwurov=
Vrph Odwlq Dphulfdq H{shulhqfhv/ Zrunlqj sdshu 9;331 Fdpeulgjh/ Pdvv= Qdwlrqdo
Exuhdx ri Hfrqrplf Uhvhdufk/ Qryhpehu1
^46` Hlfkhqjuhhq/ Eduu|/ dqg Dqguhz Urvh1 4<<;1 Vwd|lqj D rdw Zkhq wkh Zlqg Vkliwv=
H{whuqdo Idfwruv dqg Hphujlqj Pdunhw Edqnlqj Fulvhv1 Zrunlqj sdshu 96:31 Fdp0
eulgjh/ Pdvv= Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk +Mdqxdu|,1
^47` Ihogvwhlq/ Pduwlq1 4<<<1 D Vhoi0Khos Jxlgh iru Hphujlqj Pdunhwv/ Iruhljq Ddluv/
Pdufk0Dsulo1
^48` Iudqnho/ Mhuh| D1/ dqg Dqguhz N1 Urvh1 4<<91 Fxuuhqf| Fudvkhv lq Hphujlqj Pdunhwv=
Hpslulfdo Lqglfdwruv1 Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv +74, 607/ ss1 684069:1
^49` Ixupdq/ Mdvrq dqg Mrvhsk H1 Vwljolw}1 4<<;1 Hfrqrplf Fulvhv= Hylghqfh dqg Lqvljkwv
iurp Hdvw Dvld1 Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| +4<<;=5,= 404681
^4:` Jduehu/ Shwhu P1 4<<;1 Ghulydwlyhv lq Lqwhuqdwlrqdo Fdslwdo Iorz1 Zrunlqj sdshu
99561 Fdpeulgjh/ Pdvv= Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk +Mxqh,1
^4;` Lqvwlwxwh ri Lqwhuqdwlrqdo Ilqdqfh/ Lqf1 4<<;1 Frpsdudwlyh Vwdwlvwlfv iru Hphujlqj Pdu0
nhw Hfrqrplhv1 Zdvklqjwrq GF= LLI1
^4<` Mhdqqh/ Rolylhu1 4<<;1 Wkh Lqwhuqdwlrqdo Oltxlglw| Plvpdwfk dqg wkh Qhz Dufklwhf0
wxuh/ pdqxvfulsw/ Lqwhuqdwlrqdo Prqhwdu| Ixqg1
^53` Ndplqvn|/ Judflhod/ Vdxo Ol}rqgr/ dqg Fduphq P1 Uhlqkduw1 4<<;1 Ohdglqj Lqglfdwruv
ri Fxuuhqf| Fulvhv1 Lqwhuqdwlrqdo Prqhwdu| Ixqg Vwd Sdshuv 78 +4,= 407;1
^54` Nhqhq/ Shwhu1 4<<;1 Frphqw rq Udghohw dqg Vdfkv lq wkh iruwkfrplqj QEHU Frqihu0
hqfh Yroxph/ edvhg rq wkh Frqihuhqfh rq Fxuuhqf| Fulvhv khog lq Fdpeulgjh/ Pdvv1/
Iheuxdu| 9 dqg :1
^55` Nuxjpdq/ Sdxo1 4<<<1 Edodqfh Vkhhwv/ wkh Wudqvihu Sureohp dqg Ilqdqfldo Fulvhv/
sdshu suhsduhg iru wkh ihvwfkuliw yroxph lq krqru ri Urehu Iorrg/ Mdqxdu|1
63^56` Oduudlq/ Iholsh/ Udxo Odedq dqg Urpxor Fkxpdfhur1 4<<:1 Zkdw Ghwhuplqhv Fdslwdo
Lq rzvB Dq Hpslulfdo Dqdo|vlv iru Fkloh/ Ghyhorsphqw Glvfxvvlrq Sdshu Qr1 8<3/
KLLG1
^57` Prqwlho/ Shwhu/ dqg Fduphq P1 Uhlqkduw1 4<<:1 Gr Fdslwdo Frqwurov Lq xhqfh wkh
Yroxph dqg Frpsrvlwlrq ri Fdslwdo Iorzv= Hylghqfh iurp wkh 4<<3v1 Sdshu suhsduhg
iru XQX2ZLGHU surmhfw rq Vkruw0Whup Fdslwdo Pryhphqwv dqg Edodqfh ri Sd|phqwv
Fulvhv1 Vxvvh{/ Pd| 4051
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Pdufk 5905:1
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Jryhuqlqj lq d Joredo Hfrqrp|/ Dsulo 480491
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Note:  Short-term debt exposure is lagged one year.  
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restrictions on ST 
capital inflowsTable 1
Composition of foreign debt by region
1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
Asia/Pacific
ST (commercial banks) 13.6% 14.8% 18.7% 20.3% 22.0% 21.8% 22.4% 26.0% 29.2% 23.8%
ST (other) 6.8% 6.6% 6.0% 6.0% 5.4% 6.4% 4.7% 4.3% 4.2% 4.0%
M&LT 79.6% 78.6% 75.2% 73.7% 72.5% 71.8% 72.9% 69.8% 66.6% 72.2%
Latin America
ST (commercial banks) 9.3% 8.0% 8.9% 8.5% 10.3% 11.1% 12.4% 13.9% 15.0% 15.2%
ST (other) 3.1% 9.6% 9.4% 12.5% 12.7% 14.0% 12.4% 8.3% 6.9% 4.9%
M&LT 87.6% 82.4% 81.7% 79.0% 77.0% 75.0% 75.2% 77.8% 78.1% 79.9%
Europe
ST (commercial banks) 9.7% 10.0% 9.4% 9.9% 9.5% 10.3% 6.4% 7.9% 10.0% 11.9%
ST (other) 5.3% 4.6% 7.4% 7.9% 7.8% 7.0% 5.6% 6.6% 8.7% 11.0%
M&LT 85.1% 85.5% 83.2% 82.2% 82.7% 82.7% 88.0% 85.5% 81.2% 77.1%
Africa/Middle East
ST (commercial banks) 19.0% 18.9% 17.7% 14.7% 14.4% 14.0% 14.8% 13.4% 15.7% 16.1%
ST (other) 10.3% 10.2% 11.9% 12.8% 12.0% 11.5% 10.6% 10.8% 11.1% 12.6%
M&LT 70.7% 70.9% 70.4% 72.5% 73.6% 74.5% 74.6% 75.9% 73.2% 71.4%
Source:  IIF (1998)Table 2
Summary indicators on episodes of sharp reversal in private capital flows
reversal in private capital                                 ST debt owed to banks                              other ST debt
country year flows (% of GDP) ratio to reserves share of total debt ratio to reserves share of total debt
Russia 1998 n.a. 1.35 0.11 1.73 0.14
Indonesia 1997 5.02 1.41 0.26 0.29 0.05
Philippines 1997 7.08 0.95 0.19 0.30 0.06
South Korea 1997 10.99 2.82 0.62 0.02 0.01
Thailand 1997 10.53 0.95 0.36 0.07 0.03
Ecuador 1996 18.80 0.20 0.02 0.00 0.00
Hungary 1996 7.19 0.17 0.06 0.09 0.03
Mexico 1995 5.71 3.64 0.14 5.91 0.23
Malaysia 1994 19.90 0.30 0.22 0.21 0.15
Turkey 1994 11.05 1.70 0.16 1.26 0.12
Venezuela 1994 5.53 0.18 0.04 0.10 0.02
Uruguay 1993 5.43 2.25 0.15 5.78 0.38
Bulgaria 1990 5.99 2.95 0.25 0.84 0.07
Hungary 1990 9.41 1.74 0.11 0.91 0.06
Philippines 1990 7.35 1.99 0.09 2.92 0.14
Uruguay 1990 5.36 1.29 0.09 5.04 0.36
average 9.02 1.49 0.18 1.59 0.12
average for other cases -- 0.76 0.11 0.71 0.08
Source:  IIF (1998) and authors' calculations.  Debt ratios are lagged one year.Table 3
Probit estimates of the determinants of capital-flows crises (1988-1998) 
dependent variable takes value of 1 in case of sharp reversal in capital flows
(1) (2) (3) (4) (5) (6) (7) (8) (9)
dummy for ST debt 0.101
to banks/reserves > 1 (3.79)
share of ST debt to banks 0.216
  in total debt (3.02)
ST debt to banks/ 0.052 0.053 0.041 0.041 0.030 0.042 0.033
reserves (3.52) (4.26) (4.20) (3.78) (3.77) (3.89) (3.38)
ST other debt/ 0.014 0.014 0.014 0.012 0.012 0.013 0.000
reserves (1.91) (2.76) (3.80) (2.61) (2.61) (5.43) (-0.04)
MLT debt/reserves -0.006 -0.008 -0.006 -0.008 -0.008 -0.003 -0.003
(-3.22) (-4.41) (-4.78) (-2.83) (-2.83) (-2.98) (-2.03)
debt/GDP 0.112 0.087 0.105 0.105 0.048 0.078
(3.33) (3.18) (2.55) (2.55) (2.04) (2.18)
current account  -0.475 -0.543 -0.543 -0.357 -0.396
balance/GDP (-2.67) (-2.74) (-2.74) (-2.77) (-1.87)
real exchange rate 0.036





increase in credit/GDP 0.000
(previous 3 years) (-0.72)
N 271 271 271 271 271 190 229 255 98
pseudo R
2
0.072 0.036 0.168 0.246 0.276 0.263 0.320 0.266 0.337
Notes:  Coefficients shown are the changes in probability of crisis associated with changes in the 
independent variable (evaluated at the mean).  Numbers in parentheses are the z-statistics associated 
with the underlying coefficient being zero.  Estimated using maximum likelihood and correcting for 
within-group correlation.  All independent variables are lagged one year unless specified otherwise
See text for explanation of dependent variable.Table 4
Comparison of two crises: Korea in 1997 and 1980
              current crisis
1995 1996 1997 1998
CA deficit/GDP -1.9% -4.7% -1.8% 13.2%
real GDP growth 8.9% 7.1% 5.5% -7.0%
% depreciation of nominal exch rate -1.8% 9.0% 100.8% -29.0%
Total debt/GDP 26.1% 31.7% 34.6% n.a.
Short-term debt/GDP 15.6% 20.0% 15.0% 10.3%
Short-term debt/reserves 217.6% 284.1% 325.2% 59.5%
               earlier crisis
1978 1979 1980 1981
CA deficit/GDP -2.2% -6.4% -8.5% -6.6%
real GDP growth 9.7% 7.6% -2.2% 6.7%
% depreciation of nominal exch rate 0.0% 0.0% 36.3% 6.2%
Total debt/GDP 28.4% 31.3% 43.4% 46.5%
Short-term debt/GDP 6.3% 8.4% 15.0% 14.7%
Short-term debt/reserves 64.0% 96.7% 143.8% 148.7%Table 5
Determinants of the maturity of external debt
dependent variable: ratio of short-term debt to total debt
        panel with fixed effects
                  cross-section (1995)                (1988-1997)
(1) (2) (3) (4) (5) (6) (7)
log income per  0.083* 0.078* 0.105** 0.083* 0.143* 0.196* 0.216*
capita (3.05) (2.85) (2.71) (2.85) (2.66) (3.33) (3.17)
M2/GDP 0.169** 0.160** 0.217** 0.176** 0.301* 0.263* 0.302*
(2.45) (2.22) (2.70) (2.43) (3.28) (2.84) (2.73)






N 32 32 32 31 296 296 263
R
2
0.34 0.34 0.36 0.33 0.23 0.27 0.30
Notes:  Numbers in parentheses are t-statistics calculated using 
robust standard errors.  Fixed-effect regressions include fixed effects 
for both countries and years.  R-squares for the fixed effects regressions  
refer to R-square (within).  Asterisks denote level of statistical   
significance:  * 99 percent; ** 95 percent.